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Chapter 1. introduction to processes 


introduction to processes 


1.1. terminology 


1.1.1. process 

A process is compiled source code that is currently running on the system. 
1.1.2. PID 

All processes have a process id or PID. 


1.1.3. PPID 


Every process has a parent process (with a PPID). The child process is often started by the 
parent process. 


1.1.4. init 


The init process always has process ID 1. The init process is started by the kernel itself so 
technically it does not have a parent process. init serves as a foster parent for orphaned 
processes. 


1.1.5. kill 
When a process stops running, the process dies, when you want a process to die, you kill it. 
1.1.6. daemon 


Processes that start at system startup and keep running forever are called daemon processes 
or daemons. These daemons never die. 


1.1.7. zombie 


When a process is killed, but it still shows up on the system, then the process is referred to 
as zombie. You cannot kill zombies, because they are already dead. 
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1.2. basic process management 
1.2.1. $§ and $PPID 


Some shell environment variables contain information about processes. The $$ variable will 
hold your current process ID, and $PPID contains the parent PID. Actually $$ is a shell 
parameter and not a variable, you cannot assign a value to it. 


Below we use echo to display the values of $$ and $PPID. 


[paul@RHEL4b ~]$ echo $$ SPPID 
4224 4223 


1.2.2. pidof 


You can find all process id's by name using the pidof command. 


root@rhel53 ~# pidof mingetty 
ZO ZS 2197) 2796) 2795) 2794 


1.2.3. parent and child 


Processes have a parent-child relationship. Every process has a parent process. 


When starting a new bash you can use echo to verify that the pid from before is the ppid 
of the new shell. The child process from above is now the parent process. 


[paul@RHEL4b ~]$ bash 
[paul@RHEL4b ~]$ echo $$ SPPID 
4812 4224 


Typing exit will end the current process and brings us back to our original values for $$ 
and $PPID. 


[paul@RHEL4b ~]$ echo $$ SPPID 


4812 4224 

[paul@RHEL4b ~]S$ exit 

exit 

[paul@RHEL4b ~]$ echo $$ SPPID 
4224 4223 


[paul@RHEL4b ~]$ 
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1.2.4. fork and exec 


A process starts another process in two phases. First the process creates a fork of itself, an 
identical copy. Then the forked process executes an exec to replace the forked process with 
the target child process. 


[paul@RHEL4b ~]$ echo $$ 

4224 

[paul@RHEL4b ~]$ bash 
[paul@RHEL4b ~]$ echo $$ SPPID 
5310 4224 

[paul@RHEL4b ~]S$ 


1.2.5. exec 


With the exec command, you can execute a process without forking a new process. In the 
following screenshot a Korn shell (ksh) is started and is being replaced with a bash shell 
using the exec command. The pid of the bash shell is the same as the pid of the Korn 
shell. Exiting the child bash shell will get me back to the parent bash, not to the Korn shell 
(which does not exist anymore). 


[paul@RHEL4b ~]$ echo $$ 

4224 # PID of bash 
[paul@RHEL4b ~]$ ksh 

$ echo $$ SPPID 

5343 4224 # PID of ksh and bash 
$ exec bash 

[paul@RHEL4b ~]$ echo $$ SPPID 


5343 4224 # PID of bash and bash 
[paul@RHEL4b ~]S$ exit 

exit 

[paul@RHEL4b ~]$ echo $$ 

4224 
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1.2.6. ps 


One of the most common tools on Linux to look at processes is ps. The following screenshot 
shows the parent child relationship between three bash processes. 


paul@RHEL4b ~]$ echo $$ SPPID 
4224 4223 
paul@RHEL4b ~]$ bash 
paul@RHEL4b ~]$ echo $$ SPPID 
4866 4224 
paul@RHEL4b ~]$ bash 
paul@RHEL4b ~]$ echo $$ SPPID 
4884 4866 
paul@RHEL4b ~]$ ps fx 
IE IED! SbARNE STAT TIME COMMAND 
WDE @ S 0:01 sshd: paul@pts/0 
4224 pts/0 Ss 0:00 \_ -bash 
4866 pts/0 Ss 0:00 \_ bash 
4884 pts/0 S 0:00 \_ bash 
4902 pts/0 Rt+ 0:00 NEEpsetx 
[paul@RHEL4b ~]S$ exit 
exit 
[paul@RHEL4b ~]$ ps fx 
PED hiy SilAL TIME COMMAND 
ADRS s 0:01 sshd: paul@pts/0 
4224 pts/0 Ss 0:00 \_ -bash 
4866 pts/0 Ss 0:00 \_ bash 
4903 pts/0 Rt+ 0:00 NZ psa tx 
[paul@RHEL4b ~]S$ exit 
exit 
[paul@RHEL4b ~]$ ps fx 
IezIED) IbAbNG STAT TIME COMMAND 
ADDS 5 0:01 sshd: paul@pts/0 
4224 pts/0 Ss 0:00 \_ -bash 
4904 pts/0 Rt+ 0:00 \= ps ix 


[paul@RHEL4b ~]$ 


On Linux, ps fax is often used. On Solaris ps -ef (which also works on Linux) is common. 
Here is a partial output from ps fax. 


[paul@RHEL4a ~]$ ps fax 


Paap) ey SEAM TIME COMMAND 

ib Ss Og 10)(0)) akiaiabies  |f'5)4) 

SPL Ss 0:00 /usr/sbin/sshd 

5042 ? Ss SOO) Va SSievels joyenwul |hoxesky| 
5044 ? S 0:00 \_ sshd: paul@pts/1 
BOIS, joeci/ il Ss 0:00 \_ -bash 

50? sotsy 1 R+ 0:00 \_ ps fax 
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1.2.7. pgrep 


Similar to the ps -C, you can also use pgrep to search for a process by its command name. 


[paul@RHEL5 ~]$ sleep 1000 & 


[1] 32558 
[paul@RHEL5 ~]$ pgrep sleep 
32558 
[paul@RHEL5 ~]$ ps -C sleep 

IE IEDE “aENé TIME CMD 
B2558 pes/3 00:00:00 sleep 


You can also list the command name of the process with pgrep. 


paul@laika:~$ pgrep -1 sleep 
9661 sleep 


1.2.8. top 


Another popular tool on Linux is top. The top tool can order processes according to cpu 
usage or other properties. You can also kill processes from within top. Press h inside top 
for help. 


In case of trouble, top is often the first tool to fire up, since it also provides you memory 
and swap space information. 
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1.3. signalling processes 
1.3.1. kill 


The kill command will kill (or stop) a process. The screenshot shows how to use a standard 
kill to stop the process with pid 1942. 


paul@ubuntu910:~S$ kill 1942 
paul@ubuntu910:~$ 


By using the kill we are sending a signal to the process. 


1.3.2. list signals 


Running processes can receive signals from each other or from the users. You can have a 
list of signals by typing kill -l, that is a letter 1, not the number 1. 


[paul@RHEL4a ~]$ kill -1l 


1) SIGHUP 2) SIGINT 3) SIGQUIT 4) SIGILL 

5) SIGTRAP 6) SIGABRT 7) SIGBUS 8) SIGFPE 

9) SIGKILL 10) SIGUSR1 11) SIGSEGV 12) SIGUSR2 

13) SIGPIPE 14) SIGALRM 15) SIGTERM 17) SIGCHLD 

18) SIGCONT 19) SIGSTOP 20) SIGTSTP 21) SiGiirin 

22) SIGTTOU 23) SIGURG 24) SIGXCPU 25) SIGXFSZ 

26) SIGVTALRM 27) SIGPROF 28) SIGWINCH 29) SIGIO 

30) SIGPWR 31) SIGSYS 34) SIGRTMIN 35) SIGRTMIN+1 

36) SIGRIMIN+2 37) SIGRTMIN+3 38) SIGRTIMIN+4 39) SIGRTMIN+5 

40) SIGRTMIN+6 41) SIGRTMIN+7 42) SIGRIMIN+8 43) SIGRTMIN+9 

44) SIGRTMIN+10 45) SIGRTMIN+11 46) SIGRIMIN+12 47) SIGRTMIN+13 
48) SIGRTMIN+14 49) SIGRTMIN+15 50) SIGRIMAX-14 51) SIGRTMAX-13 
52) SIGRTMAX-12 53) SIGRTMAX-11 54) SIGRIMAX-10 55) SIGRTMAX-9 

56) SIGRTMAX-8 57) SIGRTMAX-7 58) SIGRIMAX-6 59) SIGRTMAX-5 

60) SIGRTMAX-4 61) SIGRTMAX-3 62) SIGRTMAX-2 63) SIGRTMAX-1 

64) SIGRTIMAX 


[paul@RHEL4a ~]$ 


1.3.3. kill -1 (SIGHUP) 


It is common on Linux to use the first signal SIGHUP (or HUP or 1) to tell a process that 
it should re-read its configuration file. Thus, the kill -1 1 command forces the init process 
(init always runs with pid 1) to re-read its configuration file. 


root@deb503:~# kill -1 1 
root @deb503: ~# 


It is up to the developer of the process to decide whether the process can do this running, 
or whether it needs to stop and start. It is up to the user to read the documentation of the 
program. 
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1.3.4. kill -15 (SIGTERM) 


The SIGTERM signal is also called a standard kill. Whenever kill is executed without 
specifying the signal, a kill -15 is assumed. 


Both commands in the screenshot below are identical. 


paul@ubuntu910:~$ kill 1942 
paul@ubuntu910:~$ kill -15 1942 


1.3.5. kill -9 (SIGKILL) 


The SIGKILL is different from most other signals in that it is not being sent to the process, 
but to the Linux Kernel. A kill -9 is also called a sure kill. The kernel will shoot down the 
process. As a developer you have no means to intercept a kill -9 signal. 


root@rhel53 ~# kill -9 3342 


1.3.6. SIGSTOP and SIGCONT 


A running process can be suspended when it receives a SIGSTOP signal. This is the same 
as kill -19 on Linux, but might have a different number in other Unix systems. 


A suspended process does not use any cpu cycles, but it stays in memory and can be re- 
animated with a SIGCONT signal (kill -18 on Linux). 


Both signals will be used in the section about background processes. 
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1.3.7. pkill 


You can use the pkill command to kill a process by its command name. 


paul@RHEL5 ~]$ sleep 1000 & 


I) 20208 
1]+ Terminated sleep 1000 


[ 
[ 
[paul@RHEL5 ~]$ pkill sleep 
[ 
[ 


paul@RHEL5 ~]$ 


1.3.8. killall 


The killall command will send a signal 15 to all processes with a certain name. 


paul@rhel65:~$ sleep 8472 & 
dBi) alte} a/ish0) 
paul@rhel65:~$ sleep 1201 & 
Pal Ash giehal 
paul@rhel65:~S jobs 
1]- Running sleep 8472 & 
Plas istonaiglakrave; sleep 1201 & 
paul@rhel65:~S killall sleep 
1)- Terminated sleep 8472 
2]+ Terminated sleep 1201 
paul@rhel65:~S jobs 
paul@rhel65:~$ 


1.3.9. killall5 


Its SysV counterpart killall5 can by used when shutting down the system. This screenshot 
shows how Red Hat Enterprise Linux 5.3 uses killall5 when halting the system. 


root@rhel53 ~# grep killall /etc/init.d/halt 


action $"Sending all processes the TERM signal..." /sbin/killall5 -15 
action S"Sendang alll processes the Kiln srgqnal..." /sbin/killalls —9 


1.3.10. top 


Inside top the k key allows you to select a signal and pid to kill. Below is a partial screenshot 
of the line just below the summary in top after pressing k. 


PRED eon keialhaies 932 


Ka PD WSS Z wa the sagas (53) 39 
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1.4. practice : basic process management 


1. Use ps to search for the init process by name. 
2. What is the process id of the init process ? 
3. Use the who am i command to determine your terminal name. 


4. Using your terminal name from above, use ps to find all processes associated with your 
terminal. 


5. What is the process id of your shell ? 

6. What is the parent process id of your shell ? 

7. Start two instances of the sleep 3342 in background. 

8. Locate the process id of all sleep commands. 

9. Display only those two sleep processes in top. Then quit top. 
10. Use a standard kill to kill one of the sleep processes. 


11. Use one command to kill all sleep processes. 
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1.5. solution : basic process management 


1. Use ps to search for the init process by name. 


root@rhel53 ~# ps -C init 
Je IED) Ab AENG TIME CMD 
Lg 00:00:04 init 


2. What is the process id of the init process ? 


al 


3. Use the who am i command to determine your terminal name. 


root@rhel53 ~# who am i 
paul pts/0 ZO LO —O04>12 17 244) (92.168. 1. 38) 


4. Using your terminal name from above, use ps to find all processes associated with your 
terminal. 


oot@rhel53 ~# ps fax | grep pts/0 


2941 ? S 0:00 \_ sshd: paul@pts/0 
2942 pts/0 Ss ORO \_ -bash 
2972 pts/0 s 0:00 su 
2973 pts/0 S 0:00 \_ -bash 
3808 pts/0 Rt+ ©2100 \_ ps fax 
3809 pts/0 Rt+ 0:00 \_ grep pts/0 
or also 
root@rhel53 ~# ps -ef | grep pts/0 
paul 2941 2939 0 17:44 ? 00:00:00 sshd: paul@pts/0 
paul 2942 2941 0 17:44 pts/0 00:00:00 —bash 
root DBEYR PVN 0) pels jee) 00:00:00 su —- 
root ASHE ASX ( ilWeesy joey 00:00:00 -bash 
root shelis) AS) sF 0) Wales) jee) 00:00:00 ps -ef 
root Siily 2Sqs @ Biles joes /@) 00:00:00 grep pts/0 


5. What is the process id of your shell ? 


2973 in the screenshot above, probably different for you 
echo $$ should display same number as the one you found 


6. What is the parent process id of your shell ? 


2972 in the screenshot above, probably different for you 


in this example the PPID is from the su - command, but when inside gnome then for example 
gnome-terminal can be the parent process 


7. Start two instances of the sleep 3342 in background. 
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sleep 3342 & 
sleep 3342 & 


8. Locate the process id of all sleep commands. 

pidof sleep 

9. Display only those two sleep processes in top. Then quit top. 
top -p pidx,pidy (replace pidx pidy with the actual numbers) 
10. Use a standard kill to kill one of the sleep processes. 

kill pidx 


11. Use one command to kill all sleep processes. 


pkill sleep 
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process priorities 


2.1. priority and nice values 


2.1.1. introduction 


All processes have a priority and a nice value. Higher priority processes will get more 
cpu time than lower priority processes. You can influence this with the nice and renice 
commands. 


2.1.2. pipes (mkfifo) 


Processes can communicate with each other via pipes. These pipes can be created with the 
mkfifo command. 


The screenshots shows the creation of four distinct pipes (in a new directory). 


paul@ubuntu910:~$ mkdir procs 

paul@ubuntu910:~$ cd procs/ 

paul@ubuntu910:~/procs$ mkfifo pipe33a pipe33b pipe42a pipe42b 
paul@ubuntu910:~/procs$ ls -1 

Potcaly 0 

ponies —— IL joys bull jocwbul (6) ZOO —OA— IA alssa il josljevs\s\ Sie 

PEw—e——r—— I paul) paul 0) 2010-04-11), 13215 pr pe3sb 

PEw—e——E—— hepa paul 0 2010-04 =i, als 7s or pes za: 

PEw-e-—c—— Js paul paul 0200-04 >i NS: 21) poape4 2b 
paul@ubuntu910:~/procs$ 


2.1.3. some fun with cat 


To demonstrate the use of the top and renice commands we will make the cat command 
use the previously created pipes to generate a full load on the cpu. 


The cat is copied with a distinct name to the current directory. (This enables us to easily 
recognize the processes within top. You could do the same exercise without copying the cat 
command, but using different users. Or you could just look at the pid of each process.) 


paul@ubuntu910:~/procs$ cp /bin/cat proj33 

paul@ubuntu910:~/procs$ cp /bin/cat proj42 

paul@ubuntu910:~/procs$ echo -n x | ./proj33 - pipe33a > pipe33b & 
(aE) alts 7H) 

paul@ubuntu910:~/procs$ ./proj33 <pipe33b >pipe33a & 

al ew 

paul@ubuntu910:~/procs$ echo -n z | ./proj42 - pipe42a > pipe42b & 
Len ers 

paul@ubuntu910:~/procs$ ./proj42 <pipe42b >pipe42a & 

[4] 1674 


The commands you see above will create two proj33 processes that use cat to bounce the x 
character between pipe33a and pipe33b. And ditto for the z character and proj42. 
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2.1.4. top 


Just running top without options or arguments will display all processes and an overview of 
innformation. The top of the top screen might look something like this. 


top —- 13:59:29 up 48 min, 4 users, load average: 1.06, 0.25, 0.14 
asics) SOM totaly 3 running, 136 sleeping, 0 stopped, 0 zombie 


Cpu(s): 0.3%us, 99.7%sy, 0.0%ni, 0.0%id, 0.0%wa, 0.0%hi, 0.0%si, 0.0%st 
Mem: 509352k total, 460040k used, 49312k free, 66752k buffers 
Swap: 746980k total, Ok used, 746980k free, 247324k cached 


Notice the cpu idle time (0.0 %id) is zero. This is because our cat processes are consuming 
the whole cpu. Results can vary on systems with four or more cpu cores. 


2.1.5. top -p 


The top -p 1670,1671,1673,1674 screenshot below shows four processes, all of then using 
approximately 25 percent of the cpu. 


paul@ubuntu910:~$ top -p 1670,1671,1673,1674 


PID USER PR NI VIRT RES SHR S %CPU %MEM TIME+ COMMAND 
1674 paul FAO) O° 2972" oll6 S24 1S 2iom6 Ori! OSL 92 prog42 
1670 paul 20 O 2972 66 S249 Re 257210) Ore OFZS emp zomss 
1671 paul 20 0] 2972" “oll6 524) S246 OL Or2S07 soronss 
1673 paul 20 O° 2972 620° 524° R 23,0) 051 0:11.48 proj42 


All four processes have an equal priority (PR), and are battling for cpu time. On some 
systems the Linux kernel might attribute slightly varying priority values, but the result 
will still be four processes fighting for cpu time. 


2.1.6. renice 


Since the processes are already running, we need to use the renice command to change their 
nice value (NI). 


The screenshot shows how to use renice on both the proj33 processes. 


paul@ubuntu910:~$ renice +8 1670 
1670: old priority 0, new priority 8 
paul@ubuntu910:~$ renice +8 1671 
1671: old priority 0, new priority 8 


Normal users can attribute a nice value from zero to 20 to processes they own. Only the 
root user can use negative nice values. Be very careful with negative nice values, since they 
can make it impossible to use the keyboard or ssh to a system. 
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2.1.7. impact of nice values 


The impact of a nice value on running processes can vary. The screenshot below shows the 
result of our renice +8 command. Look at the % CPU values. 


PID USER PR NI VIRT RES SHR S %CPU %MEM TIME+ COMMAND 
1674 paul 20 0 2972 “oll6 5245 46.26 iOle1 0:22.37 proj42 
1673 paul 20 0 2972 620 524 R 42.6 O.1 0:21.65 pro j42 
1671 paul 28 8 2992 ol6 S241S) Sig Orn OFZ29 565 PrOWSS 
1670 paul 28 8 297266 524 Ro 457 Ont OZ oo puOmSS 


Important to remember is to always make less important processes nice to more important 
processes. Using negative nice values can have a severe impact on a system's usability. 


2.1.8. nice 


The nice works identical to the renice but it is used when starting a command. 


The screenshot shows how to start a script with a nice value of five. 


paul@ubuntu910:~$ nice -5 ./backup.sh 
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2.2. practice : process priorities 


1. Create a new directory and create six pipes in that directory. 
2. Bounce a character between two pipes. 


3. Use top and ps to display information (pid, ppid, priority, nice value, ...) about these two 
cat processes. 


4. Bounce another character between two other pipes, but this time start the commands nice. 
Verify that all cat processes are battling for the cpu. (Feel free to fire up two more cats with 
the remaining pipes). 


5. Use ps to verify that the two new cat processes have a nice value. Use the -o and -C 
options of ps for this. 


6. Use renice te increase the nice value from 10 to 15. Notice the difference with the usual 
commands. 
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2.3. solution : process priorities 


1. Create a new directory and create six pipes in that directory. 


[paul@rhe153 ~]$ mkdir pipes ; cd pipes 
[paul@rhel53 pipes]$ mkfifo pl p2 p3 p4 p5 pé 


[paul@rhel53 pipes]$ 1s -l 

total 0 

jOuev—seyy—se—— IE joyey bull” jersey 0) PNoie IEA 2i2re clk) jo)ll 
pEw-cw—e—— I paul) pawl) 0 Apr 2 22585. 2 
pouni—ey—se—— IL joysybull jorsnbll (0) Wjones Ee) A7R LS) jo)S) 
Pew ewe pauls joauille 10) Aor 2) 22s kS 4 
poi —ray—se—— I jeychbull joysyblil (0) vyone IL 42.8 Ibs) 915) 
pEew-ew—r—— I paul paul 0 Apre 2) 2275. pie 


2. Bounce a character between two pipes. 


paul@rhel53 pipes]$ echo -n x Gag = jail = joa & 


[ 

[1] 4013 

[paul@rhel53 pipes]$ cat <p2 >pl & 
[2] 4016 


3. Use top and ps to display information (pid, ppid, priority, nice value, ...) about these two 
cat processes. 


top (probably the top two lines) 


[paul@rhel53 pipes]$ ps -C cat 


IIIB) EARNS TIME CMD 
4013 pts/0 OOR0Ss SSR cate 
4016 pts/0 OO SOMO 7 cat 
[paul@rhel53 pipes]$ ps fax | grep cat 
4013 pts/0 R 4:00 | \_ cat - pl 
4016 pts/0 s ibgals) | \_ cat 
4044 pts/0 S+ 0:00 | \_ grep cat 


4. Bounce another character between two other pipes, but this time start the commands nice. 
Verify that all cat processes are battling for the cpu. (Feel free to fire up two more cats with 
the remaining pipes). 


echo -n y | nice cat - p3 > p4 & 
nice cat <p4 >p3 & 


5. Use ps to verify that the two new cat processes have a nice value. Use the -o and -C 
options of ps for this. 


[paul@rhel53 pipes]$ ps -C cat -o pid,ppid,pri,ni, comm 
PID PPID PRI NI COMMAND 

4013 3947 14 0 cat 

4016 3947 21 0 cat 

4025 3947 13 10 cat 

4026 3947 13 10 cat 


6. Use renice te increase the nice value from 10 to 15. Notice the difference with the usual 
commands. 
[paul@rhel53 pipes]$ renice +15 4025 


4025: old priority 10, new priority 15 
[paul@rhel53 pipes]$ renice +15 4026 
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4026: old priority 10, new priority 15 


[paul@rhel153 pipes]$ ps -C cat -o pid,ppid,pri,ni,comm 
PID PPID PRI NI COMMAND 

4013 3947 14 0 cat 

4016 3947 21 0 cat 

4025 3947 OF Sica 

4026 3947 8 15 cat 
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background jobs 


3.1. background processes 
3.1.1. jobs 


Stuff that runs in background of your current shell can be displayed with the jobs command. 
By default you will not have any jobs running in background. 


root@rhel53 ~# jobs 
root@rhel53 ~# 


This jobs command will be used several times in this section. 
3.1.2. control-Z 


Some processes can be suspended with the Ctrl-Z key combination. This sends aSIGSTOP 
signal to the Linux kernel, effectively freezing the operation of the process. 


When doing this in vi(m), then vi(m) goes to the background. The background vi(m) can 
be seen with the jobs command. 


[paul@RHEL4a ~]$ vi procdemo.txt 


[5]+ Stopped vim procdemo.txt 
[paul@RHEL4a ~]$ jobs 
[5]+ Stopped vim procdemo.txt 


3.1.3. & ampersand 


Processes that are started in background using the & character at the end of the command 
line are also visible with the jobs command. 


paul@RHEL4a ~]$ find / > allfiles.txt 2> /dev/null & 


[ 

(Sl) 5230) 

[paul@RHEL4a ~]$ jobs 

[5]+ Stopped vim procdemo.txt 

[6]- Running find / >allfiles.txt 2>/dev/null & 
[ 


paul@RHEL4a ~]$ 


3.1.4. jobs -p 


An interesting option is jobs -p to see the process id of background processes. 


paul@RHEL4b ~]$ sleep 500 & 
A902 

paul@RHEL4b ~]$ sleep 400 & 
2] 4903 

paul@RHEL4b ~]$ jobs -—p 
4902 
4903 

paul@RHEL4b ~]$ ps *jobs -p~ 
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ENIBDY ALE NE STAT TIME COMMAND 
4902 pts/0 S 0:00 sleep 500 
4903 pts/0 S 0:00 sleep 400 


[paul@RHEL4b ~]$ 


3.1.5. fg 


Running the fg command will bring a background job to the foreground. The number of the 
background job to bring forward is the parameter of fg. 


paul@RHEL5 ~]$ jobs 


[ 

aay Running sleep 1000 & 
[2)—" Running sleep 1000 & 
[3]+ Running sleep 2000 & 
[paul@RHEL5 ~]$ fg 3 

sleep 2000 


3.1.6. bg 


Jobs that are suspended in background can be started in background with bg. The bg will 
send a SIGCONT signal. 


Below an example of the sleep command (suspended with Ctrl-Z) being reactivated in 
background with bg. 


paul@RHEL5 ~]$ jobs 

paul@RHEL5 ~]$ sleep 5000 & 

I] 67 02 

paul@RHEL5 ~]$ sleep 3000 

2]+ Stopped sleep 3000 
paul@RHEL5 ~]$ jobs 

iif isaonana\stiave; sleep 5000 & 
2]+ Stopped sleep 3000 
paul@RHEL5 ~]$ bg 2 

2]+ sleep 3000 & 

paul@RHEL5 ~]$ jobs 

1]- Running sleep 5000 & 
2])+ Running sleep 3000 & 
paul@RHEL5 ~]$ 
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3.2. practice : background processes 


1. Use the jobs command to verify whether you have any processes running in background. 
2. Use vi to create a little text file. Suspend vi in background. 
3. Verify with jobs that vi is suspended in background. 


4. Start find / > allfiles.txt 2>/dev/null in foreground. Suspend it in background before it 
finishes. 


5. Start two long sleep processes in background. 

6. Display all jobs in background. 

7. Use the kill command to suspend the last sleep process. 

8. Continue the find process in background (make sure it runs again). 
9. Put one of the sleep commands back in foreground. 


10. (if time permits, a general review question...) Explain in detail where the numbers come 
from in the next screenshot. When are the variables replaced by their value ? By which shell ? 


[paul@RHEL4b ~]$ echo $$ SPPID 


4224 4223 
[paul@RHEL4b ~]$ bash -c "echo $$ SPPID" 
4224 4223 
[paul@RHEL4b ~]$ bash -c 'echo $$ $PPID' 
5059 4224 


[paul@RHEL4b ~]$ bash -c ‘echo $$ $PPID~ 
4223: 4224: command not found 
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3.3. solution : background processes 


1. Use the jobs command to verify whether you have any processes running in background. 


jobs (maybe the catfun is still running?) 


2. Use vi to create a little text file. Suspend vi in background. 


vi text.txt 
(inside vi press ctrl-z) 


3. Verify with jobs that vi is suspended in background. 


[paul@rhel53 ~]$ jobs 
[1]+ Stopped vim text.txt 


4. Start find / > allfiles.txt 2>/dev/null in foreground. Suspend it in background before it 
finishes. 


[paul@rhel53 ~]$ find / > allfiles.txt 2>/dev/null 
(press ctrl-z) 
[2]+ Stopped ful / S eillilweiiles yee 2 (level 


5. Start two long sleep processes in background. 


sleep 4000 & ; sleep 5000 & 


6. Display all jobs in background. 


paul@rhel53 ~]$ jobs 


[ 

[1]- Stopped vim text.txt 

[2]+ Stopped find / > alltilles,txt 2> /dev/null ll 
[3] Running sleep 4000 & 

[4] Running sleep 5000 & 


7. Use the kill command to suspend the last sleep process. 


paul@rhel53 ~]$ kill -SIGSTOP 4519 
paul@rhel53 ~]$ jobs 


[ 

[ 

[els Stopped vim text.txt 

[2]- Stopped find / > allftitlesstxt 2> /dev/null 
[3] Running sleep 4000 & 

[4]+ Stopped sleep 5000 


8. Continue the find process in background (make sure it runs again). 

bg 2 (verify the job-id in your jobs list) 

9. Put one of the sleep commands back in foreground. 

fg 3 (again verify your job-id) 

10. (if time permits, a general review question...) Explain in detail where the numbers come 


from in the next screenshot. When are the variables replaced by their value ? By which shell ? 


[paul@RHEL4b ~]$ echo $$ SPPID 
4224 4223 
[paul@RHEL4b ~]$ bash -c "echo $$ SPPID" 
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4224 4223 

[paul@RHEL4b ~]$ bash -c 'echo $$ S$PPID' 
5059 4224 

[paul@RHEL4b ~]$ bash -c ‘echo $$ S$PPID* 
4223: 4224: command not found 


The current bash shell will replace the $$ and $PPID while scanning the line, and before 
executing the echo command. 


[paul@RHEL4b ~]$ echo $$ SPPID 
4224 4223 


The variables are now double quoted, but the current bash shell will replace $$ and $PPID 
while scanning the line, and before executing the bach -c command. 


[paul@RHEL4b ~]$ bash -c "echo $$ S$PPID" 
4224 4223 


The variables are now single quoted. The current bash shell will not replace the $$ and 
the $PPID. The bash -c command will be executed before the variables replaced with their 
value. This latter bash is the one replacing the $$ and $PPID with their value. 


[paul@RHEL4b ~]$ bash -c 'echo $$ S$PPID'! 
5059 4224 


With backticks the shell will still replace both variable before the embedded echo is 
executed. The result of this echo is the two process id's. These are given as commands to 
bash -c. But two numbers are not commands! 


[paul@RHEL4b ~]$ bash -c ‘echo $$ $PPID* 
4223: 4224: command not found 


27 


Part Il. disk management 


Table of Contents 


4. disk AeVICES ........scssscssssssecssecsesesscscscsssseesscessecesecsscaesceseseseseaseceseseasecessasecensseaescsscessscessceseaceseseseassseecseesenees 31 
As) Terminology. s.c0.4 ch ieee eat aa eee AAAS Mis MAA a ast AeA Ama eo aan 32 
AD. AEVICS TAMING, cs.255ss5ce5ic sess ys teeth sca pdivdkstesesg scys thegsuasy sees hsniadh obits Utssapeenadd sesh oseag styesvegt oepssesvees Hahuas 34 
4:3 -diSCOVETIN GE GISk: CEVICES: assess, ivaceibadiveios dubs Wioicns Soustbenesvenses sus cveuesbiuaseiide uasoncnacesannpuslote day abeusonaubeves 35 
44 erasing a hard disk scvsessciscsssscashssupssezstes vache cbevseposeassesats seiasedanagsedetssussbeavees op chvnonvetp ash sasegacnpes ogpeseues 40 
4.5. advanced hard disk settings ...... 0. eee ec eeceeeeeeeeseeeeecseesaecacesaecsecsaecseceseeseeeseeeseseseeseseseaseaaeeaeeaee 41 
4.6: practice: hard. disk devices: ::..:ccstsccs Sessaet i eessecieb secu cess ees peck ssh seechad ss essbstss uses seeesentessveeusesvbeeioass 42 
4:7. Solution» Harddisk, GEVICES:..ic.scisc Sigs cides cheetah Shades. Medes deielaahesbcbeceavenschessbodln Guasteste cescusnboneetsy 43 
5s ISK: PAaLtitiONs: ...ccceusesessssvasesossecsesecvosontenscunseasocsosesssdssonssesedaoeadoudesasinsesvorostecocenseasscsosasscsoooasessecasdedousevacdeses 45 
D1 abOut partons si. 4 irate hess A phan Rica cevecivke dees AR Nes Arvada ah evi caaisavichensehSei Wa daades Agee tees Bovey 46 
3.2, CISCOVELING: PALTITIONS -s:5.55.055.5555. 25s hessceassestesshase sev sevesasescapassents lasses escsesaesceatseusesesesesesdeansseseasapes eots 47 
5:3. partitionimg. NEW: ISKS 55. cosc.scpe. seks sb bus cheeeTatebec ceed ih oivhe de bdaseteeabess codistadgods aanachastevae cebanteuacecboudcte 49 
>A. about ‘the. partition: tables: cic. 3 ssscscesvecsesdevei scabs sesstacenescsstaney obedeess ue nbesseesueodoassselpebvasessuanebestarset epabecees 31 
95. GUID partition table’. i:3 sass kplan kets test as ives Sica eat Ma aves eleh deat aanie 52 
5:6: labeling with. parted. 2...sscssscssscsesesdstestuces tevsacesyet ccbssbansoasadehesdouscsssesbessesesesvegesssascesgestpossbonsoustashastouees 52 
5:7 PEACH Ce? PAMLIONS:- sie. 5,5 ssaichlas vache Shacks ebendva susan dus duecsansns ovine MUULvatbodewbenatasebebdeedeacsdbees eveuastaveens 54 
9:8. SOLUTION! PArtltlOMS:-.<.s.ssch5s5 secssebiseeschesschees ohessads Ueuveesecauansencesesdupeasadebes capsechebaubeedensteeupabedabenes scapes ceed 55 
Gs THE SYSCEMS: <s.cc.cssssinsccessaccdesdeussecoecessnssosscadsvaecesduasveesosenssdussasdesdcusssussedssassecsouad svssdes duassesseadwasonssnssenséuanescenses 56 
6.12 about file:systems: s.:.s5:issss.sssssddssestscesdssysshegsceshssesgtocssek os bisads seuscs sjasvsnd shaesessyassogidessesab tates cb vstsedtesees 57 
6:2. -COMMMON: TILE: SYSTEMS 5 5.scsccscbesseioesatvud obits obvi eegtasacedesauhe Sebo deexeujepand cheusaaeseasdbansguisvarns tobassuheuscnans ey 58 
6.3. putting a file system ON a PaLtitiON oo... eee eee eeeseeeeecaeeceecaaesaeceaesaecsecsseceeseseeeeeeseeseaeeeneees 61 
6A<tuning” a file:System 4s circcacdaes tig dcatiewve isthe conse tie ies Satine MeeVee ada 62 
6.5.-checking: & Le“ Sy Stem ssis ss scech pe ssasssbebssssstesset seabisugsteesscagecoucessspvesusesh ss svbasssossbesfe sobs coageegensespbedoees 63 
6.6, PrACH CE RTIE SYSTOMS ao. ..2sceiso,5es evcitsstuns coasechcuh Sosubatiobpsuheuscedpedbnesenuad evdussdsasvatenteutoesubeetebdesdteeschens aoee 64 
6:7; solution: Tle:Sy Stems: iss:ssc.seeh5s5 cp cssshivtes cesskesven sh sev esubsbesasceseeounes sebastien Aesdeieia cies Sebviasveesbubsoutescteeseeecs 65 
Tee MMOUMNUAIG: 05 c.c0ssssiscsssscuvedasseasoassonsessosusdonssoasseissacectecedessassuascosoedsousconnsssdesessesoanseodsban esssvesaesdescnaedusSesecusceaseasoce 66 
TA. mounting local: file: Systems: :.:.s2:2..:5 .chsschessuscsestesevscs sygessessssiiooinsbsptscessbectssspsssestasgeeseeacssyeosensseovsens 67 
7.2. displaying mounted file SYSteEMS 0.0... le eee eeeeeeeceeeeecaecnaecsecesesaeceaeaeceecesecseeeeseaeeeseeeeaeeeaeeaes 68 
PSs ICOM Start tO FMISH. sovsssssks od pssehic ts seessssviy chsh saseaeseeesceeyepubessasevh on cbsbss vas Gestiavisstsasepabepubesetsheoue cases tees 70 
TAs Permanent: MOUNLS = i... 55 Avec cs ecco Ech eaee each cx sakes Geb ves ceo ueh aude Sov ania wih soa euaceevina Seaneduttdeewnsneents 71 
FD SCCULINE: MOUDES 553: 326.:55sz5hscfeastscestssassvsesiecs sz sexsaigessnacdotiassiptesestsas teeesdsssesvens vopesssspeatiavasnionesmepeeaness 72 
7:6. mounting. TemMOte Ale SYStEMs. oc... ssscsssiesiescscsied aedescbevhevednedevenesuasnsuedessendesaees sa sesensnecvevbebonsevarnsnsuases 73 
FF. practice: MOUNUINE: TIE SVSLEMS is sccisetensieeesccscse device povebaheoies seseeaaueuseseganapsdeaceeecashoeceooencpuaeneasedeans 74 
7.8. solution: mounting file SySteMS 0.0... eee cee eeeceeeeeeeeseeeeecaeeseecaeesaecaecsaecnsceseeaeeseeeseeeeeesenesees 75 
8. troubleshooting tools ............scccccsccscscsssscsscssccecsssccscsssssssssscsscssecsscsssceseesseesesssecsesssecssssessssscessesssscsssesseees 77 
BoM SOF sesh eseh sesiiespscee ee steleoacheaiod shibis sche ie eebcbe seat ho heastes une 1 PEGS AS te Sat hee ee 78 
BZ. TUSEL es cihieuss seseibouscpsselypuscaesechets aves ses shees sb aezauap ed dea deg on ca basebeag ca soetanea te sypeasisows. seashsotnsabeveds eb aesebehd aeboes 719 
BB CHLOE es s.c08e Beech algae een da ese cks eked daven de tetbuce Non suh Dobe isa dese cate Deaek oa sez db avbiu deed seGpabwals esd eva headings Ravstaees 80 
BAe TOStAL.  s33! seeasestecy a oecoateseisestta css Sisepsd ta sthvetd sad teeesi fat bageebshsctbacadsdssbssteid its eapetesautareeat shat vencnbatssaiees 81 
BS TOLOP oe, sanstafesckdcesenes chun es ccestteh couihe Shute athstedas Hans dbvad sp cusadtendsvauhs beeiobanhsutedagdubnes law dsueds dled dpersenuviomnesbees 82 
86. VIMSt at os ssssees sseseksthcalazeetileuees va blbe de opsehiaues cvsskesstheabeeba bho upes caste te cp vebine od ok psbeus as ekeeneat Ustaeesessuupupepeat heey 83 
8.7. practice: troubleshooting tools ....... ee eee ee eseesseceecsecseesecacaecscsecsceseseeeeeseaseaeeeaeesaecaeenaeeaes 84 
8.8. solution: troubleshooting tools 0... eee eseseeesecseecsecsseaecacesecescesecesesseseeeeseseaeeseecaeesaecaecaeenees 85 
9, INtrOMUCTION tO UUIA'S ............ccrcessrserersererserseserseseseessrsessesessssesensesessesessesessessesesseseseesenecseneesensesensesenensenees 86 
9:1 about UI qUe OD] OCIS: 2 ssssctsste as sacs sees sebek pupa dose nehen cd steevs an apes teavny shpasesvasestacesyspubesstensh ns bedbesteciesciets 87 
QD). WMO ZIG: eies ccd axe ch as Lekteees B see cu eet eevee ha eect eck ec des Sea duces asus Gsad ateeausetescav ene Sect tes Gescb ages useh ses atens 87 
OS UI. 522k Aeveettet acy sect eves ueesBh au keussies sexed absense seysegeesh sab betinee sibel agua eas iaeeti Stats Guat 87 
DA. idvin. /ete/fstab. sich sses ete end etesssedus baie cneus exbcish Ghevans eaten duasuseadys cuace chas avis Bah evatindewbucdar ated hseees 88 
9.5... uid asa Dot EVICE iiss svsoeseuitssesesttacipssecsbin ed spealescus saeeu shins Sabena datneas catbantnasecuessed daz lesevect an eiegeaye 89 
9.6. practice: uuid and filesystems oo... eee ce cee eeeeeeeeeeceseeeeeeseecaecaeecaecsaesaecsaceaecsceseseseeseeeeeeeseeeas 90 
9.7. solution: uid and filesystems... eee cee eeeeeeeeeeseeesecaeecaecsaesaecsaesaecuscsecseeseseeeeseseaeeaeeeneeags 91 
10. introduction tO Laid ..........sccrscessseesessesssessssssssessssesssseseesesesseseesessesssessssessssessesessesessesesesassesessesessesess 92 
10.1: Natdware: Or SOLWALe ss. cscsseigcssseseises obsshhgacasesnrtsnayabesecss op sbeecebevesdonsshbbsebpasesstonanessapsaney abedecsetesiees 92 
10.2: Paid: levels: sz. scedsevscsdes. ceuwea esses cones sentaveveesnte buecd es cctv ase ds testa sica Cvscusate ves svde Suuceachs.ctuseb dacothest Auge cateses 93 
10.3. building a software raid array 0... eee ee esessecseessecnecsecneceseeseesseeseceaseecesessasesasaecasesaecsaesaeonees 95 


29 


disk management 


LOA practic’: Laide ovses sages tease dseesied se dopded ieseesguess eves tesea ss seck sone degsh suvesiedguocopecd eats seventeadoth seve fesek soraredgae svees 98 
10-5. SOlUtION fai vss: site sagce te eg aia aie ee EIN RU. 99 
11. logical volume management ...............ccscccccssscscecssccceccssscsscessssssesssssssessscsscssessecsseesecsseesecsseesescsesseseees 100 
LAL antroducton: to. LWim 4s ecces fap sees othe ai Sete tetins Bee ote a ahha ea eee 101 
AEDS TVD TERMOIIOLO BY pe voses sagas nese eeebeeteesetee ce osedh Sesee suchen ge copteve eevee verse Peetentsak tos epsvees eeete eseeheey Deere 102 
Li3 example usins MVM .c.ns inden i Wath teach ale eR ee eT ant 103 
11.4: example: extend:-alogical VOlUMC 5.2 s. ci. scsctiti eeceaventdeveeseessiv shvet ciete ws ecsonst bsersevsd eeteoreessdersiees 105 
11.5. example: resize a physical VOlUME 000... ee cece eeeeceeceececesaeceaesaeceeceseceeeseseeeeseseaeeseeeneeaes 107 
11.6. example: mirror a logical VOLUME 0... ele ee eeeeeeeeeeecaeessecacesaeceeceaecesceseeeeeseeeeseseseaeeaeeeaeeaee 109 
11.7. example: snapshot a logical VOLUME .0.... lee c ee ceeceseeeeceseeeeceeceeeceeeeeecaeesaecaeesaecseesaecseenaes 110 
11.8. verifying existing physical VOLUMES 0.0.0... cscs eseeseeeceeceseneeeeceecueeseesecsecaeeeesaecaeeececsaeeesseeeeenees 111 
11.9. verifying existing VOlUME QTOUPS ..0... eee e eee ee eseeeeecseeeeeceeeeaecsaesaecsscesecseeseseeeeeseaeeseseneeags 113 
11.10. verifying existing logical VOLUMES 00... eect cee ce ceseeeeceseeeeeeseeeeeeseeeaecaaecaecsaseaecaeeaeenseeeeees 114 
11.11. manage physical VOLUMES 20... eee eee eeeeeeeceesecaeesaecsecsseceecseeeeeeseeeeseaeseaesseeeaecaaecaeesaeease 115 
DAE smManase VOLUME SOUPS ss e.csceceecoversseetsidaneaeeentscsine outa wsagenssuussveseooeeisemshested oeberestdewueeeeteveented 117 
11.13. manage logical VOIUMES ooo... eee cece cee ceeeeeecsesececesececeseseeeeseseaesseecaecsaecsecnaeceesseeeeeaees 119 
VV VAs PEACH CEI VIN oes dcecesstousseassceutece soees sich oevay ecg heavengasuaes aces spec exptes tg vuvceevs seeceenactenss toueedins demtenstoeeetes 121 
11315: solution: 2 Wi cai. i3h nee RIN nth a ee Gn aan ee 122 
12. iSCSI devices .........sscssscsrscssecssscsssesscssscsesscesscessccacscessosseseesecescsceseseseaseceseseassesecessseasecesencasscessacscseeseases 126 
12. LIS CSI termimoloey, icici ain ck Se Gaile he RAGA aed Meh hee er Peele 127 
12,2, 1SCSI Target in RHELA CentOS: x. sseesces cessh socsy ssgthcoute sagauceveoaereeecetoeabeset svete sesshsetensa gh Soveoreauresetay 127 
12.3. iSCSI Initiator in RHEL/CentOS oo... cece ceeeeecseesseceseaeceeceseceseeseeeeeeeseeeeaeeeaessaecaeenaesaee 129 
12,4: 1SCSI target’ on: Debian 4s feesatcsseescssnescieeky ceecetysetacnsesth svantiedes levesertesio a eetesetonsteevebenaseeeseetbesatniets 131 
12.5. iSCSI target setup with dd files oo. ceesecseeeseceecesececeseeeeeseseeeeseseeeeseseaecaaeeaesaeeaeenaes 132 
12,6. ISCSE snitiaton: On! UDUMtU ss. sels cezedeaeeds'scesgvesch sheet eect suteesd es bes wees spacesevesst veces suese evscesutep cedueeedusceaeedy 134 
12.7, Using ASCST:devices: iz, ais tel alain nee ee a ee i ae ee easy a 136 
12:82 1SCSI] Target RHEE 7/CemtOS 7 eax ccnes i cateeetiugebte cis ipeescosn ites euedeties vacke eu rdvare tha lpeannonestreeeees 137 
12.9. iSCSI Initiator RHEL7/CentOSs7 oo... eee ec eeeeeeeeeeeeeseecseessecaeceaecaecsaeeseseseeseseseeeeneeeeeseeeees 139 
12,10. practiceg::tS CSL GEViCes sas se saves cess fasecvactseavses sates cosdh sopse cs ebsntedee eseech detes toss Hes cba eomtbscth oes 141 
12.11 solution? SCSI devices oscil ink Aint aah ies aa a ea See eases 142 
13. introduction to multipathing ..............cceccsssccccsscscscssssssesessscecesssscsssesessssssesssssssesessesssesseessesssesseeees 146 
13...anstall: multipath’. .5.2.205. Secs Beele be heen AA A eed MEE Re ERR aa eas 147 
13.2: COMME UTE NAULEP Ath sa, sy voses ec teucc gues seeeseeuseavauscesye dh vesus savas segss Soydosceresopevapeesepieesy veseseveds vayss Svtpeceate 147 
IFS es 05) 0) 0 Cane Ne 148 
13:4:.Start-multipathid and: 1SCSL se. f.senvescs devssepseniew dueeeeel a eacsescesivaureet Ss ipesseoecsdue, Wesscerseuacdoees averse eateane 148 
13.5.;multpath: list:.t.c06 ees) rrsg hel Basie Be nek iii gh align tiara bude alos antes asouee 150 
1326: USNS the dEVICE ai cre leh c. ecpscppecesnensce eee toad kan sch tees epee ee onal daein eile tery 151 
13°57. practice: multipathing si. 22/cc sae a oa ae ap ad ieee ae ee 152 
13:8: Solution: Multipath gs s:scccsiescebeveter cesveulesieaneaeies iveesveesihectaceeeute ss dareomteaietecetbieanieendeeeenieesiiee ees 153 


30 


Chapter 4. disk devices 


This chapter teaches you how to locate and recognise hard disk devices. This prepares you 
for the next chapter, where we put partitions on these devices. 
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4.1. terminology 


4.1.1. platter, head, track, cylinder, sector 


Data is commonly stored on magnetic or optical disk platters. The platters are rotated (at 
high speeds). Data is read by heads, which are very close to the surface of the platter, without 
touching it! The heads are mounted on an arm (sometimes called a comb or a fork). 


Data is written in concentric circles called tracks. Track zero is (usually) on the outside. 
The time it takes to position the head over a certain track is called the seek time. Often 
the platters are stacked on top of each other, hence the set of tracks accessible at a certain 
position of the comb forms a cylinder. Tracks are divided into 512 byte sectors, with more 
unused space (gap) between the sectors on the outside of the platter. 


When you break down the advertised access time of a hard drive, you will notice that most 
of that time is taken by movement of the heads (about 65%) and rotational latency (about 
30%). 


4.1.2. ide or scsi 


Actually, the title should be ata or scsi, since ide is an ata compatible device. Most desktops 
use ata devices, most servers use scsi. 


4.1.3. ata 


An ata controller allows two devices per bus, one master and one slave. Unless your 
controller and devices support cable select, you have to set this manually with jumpers. 


With the introduction of sata (serial ata), the original ata was renamed to parallel ata. 
Optical drives often use atapi, which is an ATA interface using the SCSI communication 
protocol. 


4.1.4. scsi 


A scsi controller allows more than two devices. When using SCSI (small computer system 
interface), each device gets a unique scsi id. The scsi controller also needs a scsi id, do not 
use this id for a scsi-attached device. 


Older 8-bit SCSI is now called narrow, whereas 16-bit is wide. When the bus speeds was 
doubled to 10Mhz, this was known as fast SCSI. Doubling to 20Mhz made it ultra SCSI. 
Take a look at http://en.wikipedia.org/wiki/SCSI for more SCSI standards. 
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4.1.5. block device 


Random access hard disk devices have an abstraction layer called block device to enable 
formatting in fixed-size (usually 512 bytes) blocks. Blocks can be accessed independent of 
access to other blocks. 


[root@centos65 ~]# lsblk 


NAME MAJ:MIN RM SIZE RO TYPE MOUNTPOINT 

sda S30) 0 40G 0 disk 

--sdal Sica 0 500M 0 part /boot 

—-sda2 ee ONSIeoG  Ospace 
=-VolGroup-lv_root (dm—0) 25310 0 38.6G Ol1lvm / 
--VolGroup-lv_swap (dm-1) 253:1 0 928M 0 1vm_ [SWAP] 

sdb SG 0 72G O disk 

sdc SEee2 0 144G O disk 


A block device has the letter b to denote the file type in the output of Is -1. 


[root@centos65 ~]# 1s -1 /dev/sd* 


brw-rw----. 1 root disk 8, 0 Apr 19 10:12 /dev/sda 
boii ———, il ievorone lili 6), il Nowe aS) Oeil lena cioletl 
brw-rw—---—. 1 root disk 8) 2 Apr 19 10:12 /dev/sda2 
brw-rw----. 1 root disk 8, 16 Apr 19 10:12 /dev/sdb 
brw-rw----. 1 root disk 8, 32 Apr 19 10:12 /dev/sdc 


Note that a character device is a constant stream of characters, being denoted by ac in Is - 
1. Note also that the ISO 9660 standard for cdrom uses a 2048 byte block size. 


Old hard disks (and floppy disks) use cylinder-head-sector addressing to access a sector 
on the disk. Most current disks use LBA (Logical Block Addressing). 


4.1.6. solid state drive 


A solid state drive or ssd is a block device without moving parts. It is comparable to flash 
memory. An ssd is more expensive than a hard disk, but it typically has a much faster access 
time. 


In this book we will use the following pictograms for spindle disks (in brown) and solid 
state disks (in blue). 
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4.2. device naming 


4.2.1. ata (ide) device naming 


All ata drives on your system will start with /dew/hd followed by a unit letter. The master 
hdd on the first ata controller is /dev/hda, the slave is /dev/hdb. For the second controller, 
the names of the devices are /dev/hdc and /dev/hdd. 


Table 4.1. ide device naming 


controller connection device name 
master /dev/hda 
ideO 
slave /dev/hdb 
master /dev/hdc 
idel 
slave /dev/hdd 


It is possible to have only /dev/hda and /dev/hdd. The first one is a single ata hard disk, the 
second one is the cdrom (by default configured as slave). 


4.2.2. scsi device naming 


scsi drives follow a similar scheme, but all start with /dev/sd. When you run out of letters 
(after /dev/sdz), you can continue with /dev/sdaa and /dev/sdab and so on. (We will see later 
on that lvm volumes are commonly seen as /dev/md0, /dev/md_1 etc.) 


Below a sample of how scsi devices on a Linux can be named. Adding a scsi disk or raid 
controller with a lower scsi address will change the naming scheme (shifting the higher scsi 
addresses one letter further in the alphabet). 


Table 4.2. scsi device naming 


| device scsi id device name 
disk 0 0 /dev/sda 
disk 1 1 /dev/sdb 
raid controller 0 5 /dev/sdc 
| raid controller 1 6 /dev/sdd 


A modern Linux system will use /dev/sd* for scsi and sata devices, and also for sd-cards, 
usb-sticks, (legacy) ATA/IDE devices and solid state drives. 
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4.3. discovering disk devices 
4.3.1. fdisk 


You can start by using /sbin/fdisk to find out what kind of disks are seen by the kernel. 
Below the result on old Debian desktop, with two ata-ide disks present. 


root@barry:~# fdisk -l | grep Disk 
Disk /dev/hda: 60.0 GB, 60022480896 bytes 
Disk /dev/hdb: 81.9 GB, 81964302336 bytes 


And here an example of sata and scsi disks on a server with CentOS. Remember that sata 
disks are also presented to you with the scsi /dev/sd* notation. 


[root@centos65 ~]# fdisk -1 | grep 'Disk /dev/sd' 
Disk /dev/sda: 42.9 GB, 42949672960 bytes 

Disk /dev/sdb: 77.3 GB, 77309411328 bytes 

Disk /dev/sdc: 154.6 GB, 154618822656 bytes 

Disk /dev/sdd: 154.6 GB, 154618822656 bytes 


Here is an overview of disks on a RHEL4u3 server with two real 72GB scsi disks. This 
server is attached to a NAS with four NAS disks of half a terabyte. On the NAS disks, four 
LVM (/dev/mdx) software RAID devices are configured. 


[root@tsvtll ~]# fdisk -1l | grep Disk 

Disk /dev/sda: 73.4 GB, 73407488000 bytes 
Disk /dev/sdb: 73.4 GB, 73407488000 bytes 
Disk /dev/sdc: 499.0 GB, 499036192768 bytes 
Disk /dev/sdd: 499.0 GB, 499036192768 bytes 
Disk /dev/sde: 499.0 GB, 499036192768 bytes 
Disk /dev/sdf: 499.0 GB, 499036192768 bytes 
Disk /dev/md0: 271 MB, 271319040 bytes 

Disk /dev/md2: 21.4 GB, 21476081664 bytes 
Disk /dev/md3: 21.4 GB, 21467889664 bytes 
Disk /dev/md1l: 21.4 GB, 21476081664 bytes 


You can also use fdisk to obtain information about one specific hard disk device. 
[root@centos65 ~]# fdisk -l /dev/sdc 


Disk /dev/sdc: 154.6 GB, 154618822656 bytes 

255 heads, 63 sectors/track, 18798 cylinders 

Units = cylinders of 16065 * 512 = 8225280 bytes 
Sector size (logical /physical)s Si2 bytes / 512 bytes 
I/O size (minimum/optimal): 512 bytes / 512 bytes 
Disk identifier: 0x00000000 


Later we will use fdisk to do dangerous stuff like creating and deleting partitions. 
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4.3.2. dmesg 


Kernel boot messages can be seen after boot with dmesg. Since hard disk devices are 
detected by the kernel during boot, you can also use dmesg to find information about disk 
devices. 


[root@centos65 ~]# dmesg | grep 'sd[a-z]' | head 

sd 0:0:0:0: [sda] 83886080 512-byte logical blocks: (42.9 GB/40.0 GiB) 

sd 0205-020; sda] Write Protect is off 

sad 03 02070¢ sda] Mode Sense: 00 3a 00 O00 

esd Ur0s0:0; sda] Write cache: enabled, read cache: enabled, doesn't support \ 
DPO or FUA 
sda: sdal sda2 


Feyel (0) 810) 3 (0) S10)8 sda] Attached SCSI disk 

sd 3:0:0:0: [sdb] 150994944 512-byte logical blocks: (77.3 GB/72.0 GiB) 

sa 37020:0: sdb] Write Protect is off 

sd 320s 020: sdb] Mode Sense: 00 3a 00 O00 

sd 3:2:0702:0¢% sdb] Write cache: enabled, read cache: enabled, doesn't support \ 


DPO or FUA 


Here is another example of dmesg on a computer with a 200GB ata disk. 


paul@barry:~$ dmesg | grep -i "ata disk" 

[ 2.624149] hda: ST360021A, ATA DISK drive 

[ 2.904150] hdb: Maxtor 6Y080L0, ATA DISK drive 

[ 3.472148] hdd: WDC WD2000BB-98DWAO, ATA DISK drive 


Third and last example of dmesg running on RHELS.3. 


root@rhel53 ~# dmesg | gGnuep 1 Scsieecdiskn 
sd 0:0:2:0: Attached scsi disk sda 
sd 0:0:3:0: Attached scsi disk sdb 
sd 0:0:6:0: Attached scsi disk sdc 
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4.3.3. /sbin/Ishw 


The Ishw tool will list hardware. With the right options Ishw can show a lot of information 
about disks (and partitions). 


Below a truncated screenshot on Debian 6: 


root@debian6~# lshw -class volum | grep -Al -B2 scsi 
description: Linux raid autodetect partition 
physicalk aida 
busy InkoOn ses Cal siOe O07 1 
logical name: /dev/sdb1l 


description: Linux raid autodetect partition 
physical adi: 7: 

bus: imkos SesaG2Z 0. 007; 1 

logical name: /dev/sdcl 


description: Linux raid autodetect partition 
jolanyGiakee ul akelg 

bus) niko sicsaGis 0. ORO), i 

logical name: /dev/sddl 


description: Linux raid autodetect partition 
physical ad: i 

bus: info: sesi¢4 20). 0) 40; 1 

logical name: /dev/sdel 


vendor: Linux 

physical id: 1 

loybliss) akialiecey  yekssliCO)S(0) 5 O G0)7 iL 
logical name: /dev/sdal 


vendor: Linux 

physical id: 2 

Dus miro sesa GOO OO, 
logical name: /dev/sda2 


description: Extended partition 
Physucalk adits 3 


loybis} aliaieeys  SyeKsal(Os 0) 0) 50), S 
logical name: /dev/sda3 


Redhat and CentOS do not have this tool (unless you add a repository). 
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4.3.4. /sbin/Isscsi 


The Issesi command provides a nice readable output of all scsi (and scsi emulated devices). 
This first screenshot shows Issesi on a SPARC system. 


root@shaka:~# lsscsi 

OSS (0h 10) 10) disk Adaptec RAID5 V1.0 /dev/sda 
[EOF IOR ON] disk SEAGATE ST336605FSUN36G 0438 /dev/sdb 
root@shaka: ~# 


Below a screenshot of Issesi on a QNAP NAS (which has four 750GB disks and boots from 
a usb stick). 


lroot@debian6~# lsscsi 


LOO Or 0n disk SanDisk Cruzer Edge 1.19 /dev/sda 
[LOIS 0; disk ATA SiS) 7) OVS) OVS: SD04 /dev/sdb 
EA S10) SO) S10) disk ATA ST3750330AS SD04 /dev/sdc 
LSet Oe disk ATA STS7TS0330AS SD04 /dev/sdd 
[4:0:0:0] disk ATA ST3750330AS SD04 /dev/sde 


This screenshot shows the classic output of Isscsi. 


root@debian6~# lsscsi -c 
Attached devices: 
Host: scsi0 Channel: 00 Target: 00 Lun: 00 


Vendor: SanDisk Model: Cruzer Edge Rev: 1.19 

Type: Direct—Access ANSI SCSI revision: 02 
Host: scsil Channel: 00 Target: 00 Lun: 00 

Vendor: ATA Model: ST3750330AS Rev: SD04 

Type: Direct-—Access ANSI SCSI revision: 05 
Host: scsi2 Channel: 00 Target: 00 Lun: 00 

Vendor: ATA Model: ST3750330AS Rev: SD04 

Type: Direct-—Access ANSI SCSI revision: 05 
Host: scsi3 Channel: 00 Target: 00 Lun: 00 

Vendor: ATA Model: ST3750330AS Rev: SDO04 

Type: Direct—Access ANSI SCSI revision: 05 
Host: scsi4 Channel: 00 Target: 00 Lun: 00 

Vendor: ATA Model: ST3750330AS Rev: SD04 

Type: Direct—Access ANSI SCSI revision: 05 
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4.3.5. /proc/scsi/scsi 


Another way to locate sesi (or sd) devices is via /proc/scsi/scsi. 


This screenshot is from a spare computer with adaptec RAIDS. 


root@shaka:~# cat /proc/scsi/scsi 
Attached devices: 
Host: scsi0O Channel: 00 Id: 00 Lun: 00 

Vendor: Adaptec Model: RAIDS Rev: V1.0 

myer Direct-—Access ANSI SCSI revision: 02 
Host: scsil Channel: 00 Id: 00 Lun: 00 

Vendor: SEAGATE Model: ST336605FSUN36G Rev: 0438 

Type: Direct-—Access ANSI SCSI revision: 03 
root@shaka: ~# 


Here we run cat /proc/scsi/scsi on the QNAP from above (with Debian Linux). 


root@debian6~# cat /proc/scsi/scsi 
Attached devices: 


Host: scsi0 Channel: 00 Id: 00 Lun: 00 

Vendor: SanDisk Model: Cruzer Edge Rev: 1.19 

Type: Direct-—Access ANSI SCSI revision: 02 
Host: scsil Channel: 00 Id: 00 Lun: 00 

Vendor: ATA Model: ST3750330AS Rev: SDO04 

Type: Direct—Access ANSI SCSI revision: 05 
Host: scsi2 Channel: 00 Id: 00 Lun: 00 

Vendor: ATA Model: ST3750330AS Rev: SD04 

Type: Direct-—Access ANSI SCSI revision: 05 
Host: scsi3 Channel: 00 Id: 00 Lun: 00 

Vendor: ATA Model: ST3750330AS Rev: SD04 

Type: Direct—Access ANSI SCSI revision: 05 
Host: scsi4 Channel: 00 Id: 00 Lun: 00 

Vendor: ATA Model: ST3750330AS Rev: SDO04 

Type: Direct-—Access ANSI SCSI revision: 05 


Note that some recent versions of Debian have this disabled in the kernel. You can enable 
it (after a kernel compile) using this entry: 


# CONFIG_SCSI_PROC_FS is not set 


Redhat and CentOS have this by default (if there are scsi devices present). 


[root@centos65 ~]# cat /proc/scsi/scsi 
Attached devices: 
Host: scsi0O Channel: 00 Id: 00 Lun: 00 


Vendor: ATA Model: VBOX HARDDISK Rev: 1.0 

Type: Direct-—Access ANSI SCSI revision: 05 
Host: scsi3 Channel: 00 Id: 00 Lun: 00 

Vendor: ATA Model: VBOX HARDDISK Rev: 1.0 

Type: Direct-—Access ANSI SCSI revision: 05 
Host: scsi4 Channel: 00 Id: 00 Lun: 00 

Vendor: ATA Model: VBOX HARDDISK Reni ales.) 

Type: Direct-—Access ANSI SCSI revision: 05 
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4.4. erasing a hard disk 


Before selling your old hard disk on the internet, it may be a good idea to erase it. By simply 
repartitioning, or by using the Microsoft Windows format utility, or even after an mkfs 
command, some people will still be able to read most of the data on the disk. 


root@debian6~# aptitude search foremost autopsy sleuthkit Gres. 
p autopsy - graphical interface to SleuthKit 

p foremost - Forensics application to recover data 

p sleuthkit - collection of tools for forensics analysis 


Although technically the /sbin/badblocks tool is meant to look for bad blocks, you can use 
it to completely erase all data from a disk. Since this is really writing to every sector of the 
disk, it can take a long time! 


root@RHELv4u2:~# badblocks -ws /dev/sdb 
Testing with pattern Oxaa: done 

Reading and comparing: done 

Testing with pattern 0x55: done 

Reading and comparing: done 

Testing with pattern Oxff: done 

Reading and comparing: done 

Testing with pattern 0x00: done 

Reading and comparing: done 


The previous screenshot overwrites every sector of the disk four times. Erasing once with 
a tool like dd is enough to destroy all data. 


Warning, this screenshot shows how to permanently destroy all data on a block device. 


[root@rhel65 ~]# dd if=/dev/zero of=/dev/sdb 
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4.5. advanced hard disk settings 


Tweaking of hard disk settings (dma, gap, ...) are not covered in this course. Several tools 
exists, hdparm and sdparm are two of them. 


hdparm can be used to display or set information and parameters about an ATA (or SATA) 
hard disk device. The -i and -I options will give you even more information about the 
physical properties of the device. 


root@laika:~# hdparm /dev/sdb 


/dev/sdb: 

ITO_support =) 0) (detault 16-bit) 

readonly = 0O (off) 

readahead = 256 (on) 

geometry = 26/25 5/63,, sectons — UI5s715o0,) stank — 0 


Below hdparm info about a 200GB IDE disk. 


root@barry:~# hdparm /dev/hdd 


/dev/hdd: 

multcount 0 (off) 

IO_support = 0 (default) 

unmaskirg = 0 (off) 

using_dma = 1 (on) 

keepsettings = 0 (off) 

readonly = 0 (off) 

readahead = 256 (on) 

geometry =" 243217255763, sectors = 390721968, start = 0 


Here a screenshot of sdparm on Ubuntu 10.10. 
root@ubul010:~# aptitude install sdparm 
root@ubul010:~# sdparm /dev/sda | head -1 


/dev/sda: ATA FUJITSU MJA2160B 0081 
root@ubul010:~# man sdparm 


Use hdparm and sdparm with care. 
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4.6. practice: hard disk devices 


About this lab: To practice working with hard disks, you will need some hard disks. When 
there are no physical hard disk available, you can use virtual disks in vmware or VirtualBox. 
The teacher will help you in attaching a couple of ATA and/or SCSI disks to a virtual 
machine. The results of this lab can be used in the next three labs (partitions, file systems, 
mounting). 


It is adviced to attach three 1GB disks and three 2GB disks to the virtual machine. This will 
allow for some freedom in the practices of this chapter as well as the next chapters (raid, 
lvm, iSCSI). 


1. Use dmesg to make a list of hard disk devices detected at boot-up. 
2. Use fdisk to find the total size of all hard disk devices on your system. 


3. Stop a virtual machine, add three virtual 1 gigabyte scsi hard disk devices and one virtual 
400 megabyte ide hard disk device. If possible, also add another virtual 400 megabyte ide 
disk. 


4. Use dmesg to verify that all the new disks are properly detected at boot-up. 
5. Verify that you can see the disk devices in /dev. 

6. Use fdisk (with grep and /dev/null) to display the total size of the new disks. 
7. Use badblocks to completely erase one of the smaller hard disks. 

8. Look at /proc/sesi/scsi. 


9. If possible, install Isscsi, Ishw and use them to list the disks. 
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4.7. solution: hard disk devices 


1. Use dmesg to make a list of hard disk devices detected at boot-up. 
Some possible answers... 

dmesg | grep -i disk 

Looking for ATA disks: dmesg | grep hd[abcd] 

Looking for ATA disks: dmesg | grep -i "ata disk" 


Looking for SCSI disks: dmesg | grep sd[a-f] 


Looking for SCSI disks: dmesg | grep! =a "sicsal disk" 


2. Use fdisk to find the total size of all hard disk devices on your system. 


neClieiie IL 


3. Stop a virtual machine, add three virtual 1 gigabyte scsi hard disk devices and one virtual 
400 megabyte ide hard disk device. If possible, also add another virtual 400 megabyte ide 
disk. 


This exercise happens in the settings of vmware or VirtualBox. 


4. Use dmesg to verify that all the new disks are properly detected at boot-up. 


See l. 


5. Verify that you can see the disk devices in /dev. 
SCSI+SATA: Is =1) /dev/sd* 


ATA: ls -1 /dev/hd* 


6. Use fdisk (with grep and /dev/null) to display the total size of the new disks. 


root@rhel53 ~# fdisk -1 2>/dev/null | grep [MGT]B 
Disk /dev/hda: 21.4 GB, 21474836480 bytes 
Disk /dev/hdb: 1073 MB, 1073741824 bytes 
Disk /dev/sda: 2147 MB, 2147483648 bytes 
Disk /dev/sdb: 2147 MB, 2147483648 bytes 
Disk /dev/sdc: 2147 MB, 2147483648 bytes 


7. Use badblocks to completely erase one of the smaller hard disks. 


#Verify the device (/dev/sdc??) you want to erase before typing this. 
# 

root@rhel53 ~# badblocks -ws /dev/sdc 
Testing with pattern Oxaa: done 
Reading and comparing: done 

Testing with pattern 0x55: done 
Reading and comparing: done 

Testing with pattern Oxff: done 
Reading and comparing: done 

Testing with pattern 0x00: done 
Reading and comparing: done 


8. Look at /proc/sesi/scsi. 


root@rhel53 ~# cat /proc/scsi/scsi 
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Attached devices: 
Host: scsi0O Channel: 
Vendor: VBOX 
Type: 
Host: scsi0O Channel: 
Vendor: VBOX 
Type: 
Host: scsi0O Channel: 
Vendor: VBOX 
Type: 


00 id: O02 Lun: 00 
Model: HARDDISK 
Direct—Access 

OOM uel Os hun 00) 
Model: HARDDISK 
Direct-—Access 

OOP ids Wie Lun 100 
Model: HARDDISK 
Direct-—Access 


Rev: 1.0 


ANSI SCSI revision: 


Rev: 1.0 


ANSI SCSI revision: 


Rev: 1.0 


ANSI SCSI revision: 


9. If possible, install Issesi, Ishw and use them to list the disks. 


Debian, Ubuntu: aptitude install lsscsi lshw 


Fedora: yum install lsscsi lshw 


root@rhel53 ~# lsscsi 


HOSOs Aso) disk VBOX HARDDISK 
MO S10) 3 Si S(0)] disk VBOX HARDDISK 
[OR OR Gi10)] disk VBOX HARDDISK 
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1.0 /dev/sda 
10 /dev/sdb 
1.0 /dev/sdc 


05 


05 


05 


Chapter 5. disk partitions 


This chapter continues on the hard disk devices from the previous one. Here we will put 
partitions on those devices. 


This chapter prepares you for the next chapter, where we put file systems on our partitions. 
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5.1. about partitions 


5.1.1. primary, extended and logical 


Linux requires you to create one or more partitions. The next paragraphs will explain how 
to create and use partitions. 


A partition's geometry and size is usually defined by a starting and ending cylinder 
(sometimes by sector). Partitions can be of type primary (maximum four), extended 
(maximum one) or logical (contained within the extended partition). Each partition has a 
type field that contains a code. This determines the computers operating system or the 
partitions file system. 


Table 5.1. primary, extended and logical partitions 


Partition Type naming 
Primary (max 4) 1-4 
Extended (max 1) 1-4 
Logical 5- 


5.1.2. partition naming 


We saw before that hard disk devices are named /dev/hdx or /dev/sdx with x depending on 
the hardware configuration. Next is the partition number, starting the count at 1. Hence the 
four (possible) primary partitions are numbered | to 4. Logical partition counting always 
starts at 5. Thus /dev/hda2 is the second partition on the first ATA hard disk device, and / 
dev/hdbS is the first logical partition on the second ATA hard disk device. Same for SCSI, / 
dev/sdb3 is the third partition on the second SCSI disk. 


Table 5.2. Partition naming 


partition device 

/dev/hdal first primary partition on /dev/hda 
/dev/hda2 second primary or extended partition on /dev/hda 
/dev/sda5 first logical drive on /dev/sda 
/dev/sdb6 second logical on /dev/sdb 


The picture below shows two (spindle) disks with partitions. Note that an extended partition 
is a container holding logical drives. 
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5.2. discovering partitions 
5.2.1. fdisk -I 


In the fdisk -1 example below you can see that two partitions exist on /dev/sdb. The first 
partition spans 31 cylinders and contains a Linux swap partition. The second partition is 
much bigger. 


root@laika:~# fdisk -1l /dev/sdb 


Disk /dev/sdb: 100.0 GB, 100030242816 bytes 
255 heads, 63 sectors/track, 12161 cylinders 
Units = cylinders of 16065 * 512 = 8225280 bytes 


Device Boot Start End Blocks Id System 
/dev/sdb1 1 eal 248976 82 Linux swap / Solaris 
/dev/sdb2 32 12161 97434225 83 Linux 


root@laika:~# 


5.2.2. /proc/partitions 


The /proc/partitions file contains a table with major and minor number of partitioned 
devices, their number of blocks and the device name in /dev. Verify with /proc/devices to 
link the major number to the proper device. 


paul@RHELv4u4:~$ cat /proc/partitions 
major minor #blocks name 


3 0 524288 hda 
3 64 734003 hdb 
8 0) 8388608 sda 
8 al 104391 sdal 
8 2 8281507 sda2 
8 16 1048576 sdb 
8 32 1048576 sdc 
8 48 1048576 sdd 
253 0 7176192 dm—-0 
253 dl 1048576 dm-1 


The major number corresponds to the device type (or driver) and can be found in /proc/ 
devices. In this case 3 corresponds to ide and 8 to sd. The major number determines the 
device driver to be used with this device. 


The minor number is a unique identification of an instance of this device type. The 
devices.txt file in the kernel tree contains a full list of major and minor numbers. 
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5.2.3. parted and others 


You may be interested in alternatives to fdisk like parted, cfdisk, sfdisk and gparted. This 
course mainly uses fdisk to partition hard disks. 


parted is recommended by some Linux distributions for handling storage with gpt instead 
of mbr. 


Below a screenshot of parted on CentOS. 


[root@centos65 ~]# rpm -q parted 
parted-2.1-21.e16.x86_64 

[root@centos65 ~]# parted /dev/sda 

GNU Parted 2.1 

Using /dev/sda 

Welcome to GNU Parted! Type 'help' to view a list of commands. 
(parted) print 

Model: ATA VBOX HARDDISK (scsi) 

Disk /dev/sda: 42.9GB 

Sector size (logical/physical): 512B/512B 
Partition Table: msdos 


Number Start End Size Type File system Flags 
ib 1049kB 525MB 524MB primary ext4 boot 
2 525MB 42.9GB 42.4GB primary lvm 
(parted) 
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5.3. partitioning new disks 


In the example below, we bought a new disk for our system. After the new hardware is 
properly attached, you can use fdisk and parted to create the necessary partition(s). This 


example uses fdisk, but there is nothing wrong with using parted. 


5.3.1. recognising the disk 


First, we check with fdisk -] whether Linux can see the new disk. Yes it does, the new disk 


is seen as /dev/sdb, but it does not have any partitions yet. 
root@RHELv4u2:~# fdisk -1l 
Disk /dev/sda: 12.8 GB, 12884901888 bytes 


255 heads, 63 sectors/track, 1566 cylinders 
Units = cylinders of 16065 * 512 = 8225280 bytes 


Device Boot Start End Blocks Id System 
/dev/sdal tS il des! 104391 83 Linux 
/dev/sda2 14 1566 12474472+ 8e Linux LVM 


Disk /dev/sdb: 1073 MB, 1073741824 bytes 
255 heads, 63 sectors/track, 130 cylinders 
Units = cylinders of 16065 * 512 = 8225280 bytes 


Disk /dev/sdb doesn't contain a valid partition table 


5.3.2. opening the disk with fdisk 


Then we create a partition with fdisk on /dev/sdb. First we start the fdisk tool with /dev/sdb 


as argument. Be very very careful not to partition the wrong disk!! 


root@RHELv4u2:~# fdisk /dev/sdb 

Device contains neither a valid DOS partition table, nor Sun, SGI... 
Building a new DOS disklabel. Changes will remain in memory only, 
until you decide to write them. After that, of course, the previous 
content won't be recoverable. 


Warning: invalid flag 0x0000 of partition table 4 will be corrected... 


5.3.3. empty partition table 


Inside the fdisk tool, we can issue the p command to see the current disks partition table. 
Command (m for help): p 

Disk /dev/sdb: 1073 MB, 1073741824 bytes 

255 heads, 63 sectors/track, 130 cylinders 


Units = cylinders of 16065 * 512 = 8225280 bytes 


Device Boot Start End Blocks Id System 
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5.3.4. create a new partition 
No partitions exist yet, so we issue n to create a new partition. We choose p for primary, 1 
for the partition number, | for the start cylinder and 14 for the end cylinder. 


Command (m for help): n 
Command action 


e extended 

p primary partition (1-4) 
Pp 

Partition number (1-4): 1 


First cylinder (1-130, default 1): 
Using default value 1 
Last cylinder or +size or +sizeM or +sizeK (1-130, default 130): 14 


We can now issue p again to verify our changes, but they are not yet written to disk. This 
means we can still cancel this operation! But it looks good, so we use w to write the changes 
to disk, and then quit the fdisk tool. 


Command (m for help): p 


Disk /dev/sdb: 1073 MB, 1073741824 bytes 
255 heads, 63 sectors/track, 130 cylinders 
Units = cylinders of 16065 * 512 = 8225280 bytes 


Device Boot Start End Blocks Id System 
/dev/sdb1 al 14 UNAS (33S) Tinalionbp< 


Command (m for help): w 
The partition table has been altered! 


Calling ioctl() to re-read partition table. 


Syncing disks. 
root @RHELv4u2: ~# 


5.3.5. display the new partition 


Let's verify again with fdisk -I to make sure reality fits our dreams. Indeed, the screenshot 
below now shows a partition on /dev/sdb. 


root@RHELv4u2:~# fdisk -1 


Disk /dev/sda: 12.8 GB, 12884901888 bytes 
255 heads, 63 sectors/track, 1566 cylinders 
Units = cylinders of 16065 * 512 = 8225280 bytes 


Device Boot Start End Blocks Id System 
/dev/sdal * il AS 104391 83 Linux 
/dev/sda2 14 1566 12474472+ 8e Linux LVM 


Disk /dev/sdb: 1073 MB, 1073741824 bytes 
255 heads, 63 sectors/track, 130 cylinders 
Units = cylinders of 16065 * 512 = 8225280 bytes 


Device Boot Start End Blocks Id System 


/dev/sdbl al 14 112423+ 83 Linux 
root @RHELv4u2:~# 
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5.4. about the partition table 


5.4.1. master boot record 


The partition table information (primary and extended partitions) is written in the master 
boot record or mbr. You can use dd to copy the mbr to a file. 


This example copies the master boot record from the first SCSI hard disk. 


dd if=/dev/sda of=/SCSIdisk.mbr bs=512 count=1 


The same tool can also be used to wipe out all information about partitions on a disk. This 
example writes zeroes over the master boot record. 


dd if=/dev/zero of=/dev/sda bs=512 count=1 


Or to wipe out the whole partition or disk. 


dd if=/dev/zero of=/dev/sda 


5.4.2. partprobe 


Don't forget that after restoring a master boot record with dd, that you need to force the 
kernel to reread the partition table with partprobe. After running partprobe, the partitions 
can be used again. 


[root@RHEL5 ~]# partprobe 
[root@RHEL5 ~]# 


5.4.3. logical drives 


The partition table does not contain information about logical drives. So the dd backup 
of the mbr only works for primary and extended partitions. To backup the partition table 
including the logical drives, you can use sfdisk. 


This example shows how to backup all partition and logical drive information to a file. 


sfdisk -d /dev/sda > parttable.sda.sfdisk 


The following example copies the mbr and all logical drive info from /dev/sda to /dev/sdb. 


sfdisk -d /dev/sda | sfdisk /dev/sdb 
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5.5. GUID partition table 


gpt was developed because of the limitations of the 1980s mbr partitioning scheme (for 
example only four partitions can be defined, and they have a maximum size two terabytes). 


Since 2010 gpt is a part of the uefi specification, but it is also used on bios systems. 


Newer versions of fdisk work fine with gpt, but most production servers today (mid 2015) 
still have an older fdisk.. You can use parted instead. 


5.6. labeling with parted 


parted is an interactive tool, just like fdisk. Type help in parted for a list of commands 
and options. 


This screenshot shows how to start parted to manage partitions on /dev/sdb. 


[root@rhel71 ~]# parted /dev/sdb 

GNU Parted 3.1 

Using /dev/sdb 

Welcome to GNU Parted! Type 'help' to view a list of commands. 
(parted) 


Each command also has built-in help. For example help mklabel will list all supported 
labels. Note that we only discussed mbr(msdos) and gpt in this book. 


(parted) help mklabel 
mklabel,mktable LABEL-TYPE create a new disklabel (partition table) 


LABEL-TYPE is one of: aix, amiga, bsd, dvh, gpt, mac, msdos, pc98, sun, loop 
(parted) 


We create an mbr label. 


(parted) mklabel msdos> 

Warning: The existing disk label on /dev/sdb will be destroyed and all data on 
this disk will be lost. Do you want to continue? 

Yes/No? yes 

(parted) mklabel gpt 

Warning: The existing disk label on /dev/sdb will be destroyed and all data on 
this disk will be lost. Do you want to continue? 

Yes/No? Y 

(parted) 
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5.6.1. partitioning with parted 


Once labeled it is easy to create partitions with parted. This screenshot starts with an 
unpartitioned (but gpt labeled) disk. 


(parted) print 

Model: ATA VBOX HARDDISK (scsi) 

Disk /dev/sdb: 8590MB 

Sector size (logical/physical): 512B/512B 
Partition Table: gpt 

Disk Flags: 


Number Start End Size File system Name Flags 


(parted) 


This example shows how to create two primary partitions of equal size. 


(parted) mkpart primary 0 50% 

Warning: The resulting partition is not properly aligned for best performance. 
Ignore/Cancel? I 

(parted) mkpart primary 50% 100% 

(parted) 


Verify with print and exit with quit. Since parted works directly on the disk, there is no 
need to w(rite) like in fdisk. 


(parted) print 

Model: ATA VBOX HARDDISK (scsi) 

Disk /dev/sdb: 8590MB 

Sector size (logical/physical): 512B/512B 
Partition Table: gpt 

Disk Flags: 


Number Start End Size File system Name Flags 
Hl 17.4kB 4295MB 4295MB primary 
2 4295MB 8589MB 4294MB primary 


(parted) quit 
Information: You may need to update /etc/fstab. 


[root@rhel71 ~]# 
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5.7. practice: partitions 


1. Use fdisk -1 to display existing partitions and sizes. 

2. Use df -h to display existing partitions and sizes. 

3. Compare the output of fdisk and df. 

4. Create a 200MB primary partition on a small disk. 

5. Create a 400MB primary partition and two 300MB logical drives on a big disk. 

6. Use df -h and fdisk -1 to verify your work. 

7. Compare the output again of fdisk and df. Do both commands display the new partitions ? 
8. Create a backup with dd of the mbr that contains your 200MB primary partition. 


9. Take a backup of the partition table containing your 400MB primary and 300MB logical 
drives. Make sure the logical drives are in the backup. 


10. (optional) Remove all your partitions with fdisk. Then restore your backups. 
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5.8. solution: partitions 


1. Use fdisk -1l to display existing partitions and sizes. 


as root: # fdisk -1 

2. Use df -h to display existing partitions and sizes. 
df -h 

3. Compare the output of fdisk and df. 


Some partitions will be listed in both outputs (maybe /dev/sdal or /dev/hdal). 


4. Create a 200MB primary partition on a small disk. 


Choose one of the disks you added (this example uses /dev/sdc). 
root@rhel53 ~# fdisk /dev/sdc 


Command (m for help): n 
Command action 
e extended 
p primary partition (1-4) 
Pp 
Partition number (1-4): 1 
First cylinder (1-261, default 1): 1 
Last cylinder or +size or +sizeM or +sizeK (1-261, default 261): +200m 
Command (m for help): w 
The partition table has been altered! 
Calling ioctl() to re-read partition table. 
Syncing disks. 


5. Create a 400MB primary partition and two 300MB logical drives on a big disk. 


Choose one of the disks you added (this example uses /dev/sdb) 


fdisk /dev/sdb 


inside fdisk : n p 1 +400m enter --- ne 2 enter enter --- n 1 +300m (twice) 
6. Use df -h and fdisk -1 to verify your work. 
peclicye Il 6 he —lol 


7. Compare the output again of fdisk and df. Do both commands display the new partitions ? 
The newly created partitions are visible with fdisk. 

But they are not displayed by df. 

8. Create a backup with dd of the mbr that contains your 200MB primary partition. 


dd if=/dev/sdc of=bootsector.sdc.dd count=1 bs=512 


9. Take a backup of the partition table containing your 400MB primary and 300MB logical 
drives. Make sure the logical drives are in the backup. 


sfdisk -d /dev/sdb > parttable.sdb.sfdisk 


D3 


Chapter 6. file systems 


When you are finished partitioning the hard disk, you can put a file system on each partition. 


This chapter builds on the partitions from the previous chapter, and prepares you for the 
next one where we will mount the filesystems. 
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6.1. about file systems 


A file system is a way of organizing files on your partition. Besides file-based storage, file 
systems usually include directories and access control, and contain meta information about 
files like access times, modification times and file ownership. 


The properties (length, character set, ...) of filenames are determined by the file system you 
choose. Directories are usually implemented as files, you will have to learn how this is 
implemented! Access control in file systems is tracked by user ownership (and group owner- 
and membership) in combination with one or more access control lists. 


6.1.1. man fs 


The manual page about filesystems is accessed by typing man fs. 


[root@rhel65 ~]# man fs 
6.1.2. /proc/filesystems 


The Linux kernel will inform you about currently loaded file system drivers in /proc/ 
filesystems. 

root@rhel53 ~# cat /proc/filesystems | grep -v nodev 

ext2 


iso9660 
ext3 


6.1.3. /etc/filesystems 


The /etc/filesystems file contains a list of autodetected filesystems (in case the mount 
command is used without the -t option. 


Help for this file is provided by man mount. 


[root@rhel65 ~]# man mount 
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6.2. common file systems 
6.2.1. ext2 and ext3 


Once the most common Linux file systems is the ext2 (the second extended) file system. A 
disadvantage is that file system checks on ext2 can take a long time. 


ext2 was being replaced by ext3 on most Linux machines. They are essentially the same, 
except for the journaling which is only present in ext3. 


Journaling means that changes are first written to a journal on the disk. The journal is 
flushed regularly, writing the changes in the file system. Journaling keeps the file system 
in a consistent state, so you don't need a file system check after an unclean shutdown or 
power failure. 


6.2.2. creating ext2 and ext3 


You can create these file systems with the /sbin/mkfs or /sbin/mke2fs commands. Use 
mke2fs -j to create an ext3 file system. 


You can convert an ext2 to ext3 with tune2fs -j. You can mount an ext3 file system as ext2, 
but then you lose the journaling. Do not forget to run mkinitrd if you are booting from this 
device. 


6.2.3. ext4 


The newest incarnation of the ext file system is named ext4 and is available in the Linux 
kernel since 2008. ext4 supports larger files (up to 16 terabyte) and larger file systems than 
ext3 (and many more features). 


Development started by making ext3 fully capable for 64-bit. When it turned out the changes 
were significant, the developers decided to name it ext4. 


6.2.4. xfs 


Redhat Enterprise Linux 7 will have XFS as the default file system. This is a highly scalable 
high-performance file system. 


xfs was created for Irix and for a couple of years it was also used in FreeBSD. It is supported 
by the Linux kernel, but rarely used in dsitributions outside of the Redhat/CentOS realm. 
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6.2.5. vfat 


The vfat file system exists in a couple of forms : fat12 for floppy disks, fat16 on ms-dos, and 
fat32 for larger disks. The Linux vfat implementation supports all of these, but vfat lacks a 
lot of features like security and links. fat disks can be read by every operating system, and 
are used a lot for digital cameras, usb sticks and to exchange data between different OS'ses 
on a home user's computer. 


6.2.6. iso 9660 


iso 9660 is the standard format for cdroms. Chances are you will encounter this file system 
also on your hard disk in the form of images of cdroms (often with the .iso extension). The 
iso 9660 standard limits filenames to the 8.3 format. The Unix world didn't like this, and thus 
added the rock ridge extensions, which allows for filenames up to 255 characters and Unix- 
style file-modes, ownership and symbolic links. Another extensions to iso 9660 is joliet, 
which adds 64 unicode characters to the filename. The el torito standard extends iso 9660 
to be able to boot from CD-ROM's. 


6.2.7. udf 


Most optical media today (including cd's and dvd's) use udf, the Universal Disk Format. 
6.2.8. swap 


All things considered, swap is not a file system. But to use a partition as a swap partition 
it must be formatted and mounted as swap space. 


6.2.9. gfs 


Linux clusters often use a dedicated cluster filesystem like GFS, GFS2, ClusterFS, ... 


6.2.10. and more... 


You may encounter reiserfs on older Linux systems. Maybe you will see Sun's zfs or the 
open source btrfs. This last one requires a chapter on itself. 
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6.2.11. /proc/filesystems 


The /proc/filesystems file displays a list of supported file systems. When you mount a file 
system without explicitly defining one, then mount will first try to probe /etc/filesystems 
and then probe /proc/filesystems for all the filesystems without the nodev label. If /etc/ 
filesystems ends with a line containing only an asterisk (*) then both files are probed. 


paul@RHELv4u4:~$ cat /proc/filesystems 
nodev sysfs 

nodev rootfs 

nodev bdev 


nodev proc 
nodev sockfs 
nodev binfmt_misc 


nodev usbfs 

nodev usbdevfs 
nodev futexfs 
nodev tmpfs 

nodev pipefs 
nodev eventpollfs 
nodev devpts 


ext2 
nodev ramfs 
nodev hugetlbfs 
1s09660 
nodev relayfs 
nodev mqueue 
nodev selinuxfs 
ext3 
nodev rpc_pipefs 
nodev vmware-hgfs 


nodev autofs 
paul@RHELv4u4:~$ 
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6.3. putting a file system on a partition 


We now have a fresh partition. The system binaries to make file systems can be found with Is. 


[root@RHEL4b ~]# 1s -1S /sbin/mk* 

root root 34832 Apr 24 2006 /sbin/mke2fs 
root root 34832 Apr 24 2006 /sbin/mkfs.ext2 
root root 34832 Apr 24 2006 /sbin/mkfs.ext3 
root root 28484 Oct 13 2004 /sbin/mkdosfs 
root root 28484 Oct 13 2004 /sbin/mkfs.msdos 
root 28484 Oct 13 2004 /sbin/mkfs.vfat 
root root 20313 Apr 10 2006 /sbin/mkinitrd 
root root 15444 Oct 5 2004 /sbin/mkzonedb 
root root 15300 May 24 2006 /sbin/mkfs.cramfs 
root root 13036 May 24 2006 /sbin/mkswap 
root root 6912 May 24 2006 /sbin/mkfs 
—EWXE-KE-X root root 5905 Aug 3 2004 /sbin/mkbootdisk 
[root@RHEL4b ~]# 


—rwxXr-Xr-xX 
H~EWXxE=XE =x 
—rwxXr-Xr-xX 
~BWx rx x 
—rwxXr-Xr-xX 
HFEWXES=XE= Xx 
—rwxXr-Xr-xX 
=EWxE = XS == 
—YrwxXr-Xr-xX 
~EWXE-XE-X 


—rwxr-Xr-xX 


Com CoCo Como) 
i) 
fe) 
fe} 
ct 


It is time for you to read the manual pages of mkfs and mke2fs. In the example below, 
you see the creation of an ext2 file system on /dev/sdb1. In real life, you might want to use 
options like -m0 and -j. 


root@RHELv4u2:~# mke2fs /dev/sdbl 

mke2fs 1.35 (28-Feb-2004) 

Filesystem label= 

OS type: Linux 

Block size=1024 (log=0) 

Fragment size=1024 (log=0) 

28112 inodes, 112420 blocks 

5621 blocks (5.00%) reserved for the super user 
First data block=1 

Maximum filesystem blocks=67371008 

14 block groups 

8192 blocks per group, 8192 fragments per group 
2008 inodes per group 

Superblock backups stored on blocks: 

SHI. 2st “Oeil iaasve S28) 


Writing inode tables: done 
Writing superblocks and filesystem accounting information: done 


This filesystem will be automatically checked every 37 mounts or 
180 days, whichever comes first. Use tune2fs -c or -i to override. 
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6.4. tuning a file system 


You can use tune2fs to list and set file system settings. The first screenshot lists the reserved 
space for root (which is set at five percent). 


[root@rhel4 ~]# tune2fs -1 /dev/sdal | grep —1 Yblock count! 
Block count: 104388 

Reserved block count: SAL) 

[root@rhel4 ~]# 


This example changes this value to ten percent. You can use tune2fs while the file system 
is active, even if it is the root file system (as in this example). 


[root@rhel4 ~]# tune2fs -m10 /dev/sdal 

tune2fs 1.35 (28-Feb-2004) 

Setting reserved blocks percentage to 10 (10430 blocks) 
[root@rhel4 ~]# tune2fs -1 /dev/sdal | guep block count! 
Block count: 104388 

Reserved block count: 10430 

[root@rhel4 ~]# 
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6.5. checking a file system 


The fsck command is a front end tool used to check a file system for errors. 


[root@RHEL4b ~]# 1s /sbin/*fsck* 

/sbin/dosfsck /sbin/fsck /sbin/fsck.ext2 /sbin/fsck.msdos 
/sbin/e2fsck /sbin/fsck.cramfs /sbin/fsck.ext3 /sbin/fsck.vfat 
[root@RHEL4b ~]# 


The last column in /ete/fstab is used to determine whether a file system should be checked 
at boot-up. 


[paul@RHEL4b ~]$ grep ext /etc/fstab 
/dev/VolGroup00/LogVol00 if ext3 defaults 
LABEL=/boot /boot ext3 defaults 
[paul@RHEL4b ~]S$ 


rR 
NR 


Manually checking a mounted file system results in a warning from fsck. 


[root@RHEL4b ~]# fsck /boot 
fsck 1.35 (28-Feb-2004) 
e2fsck 1.35 (28-Feb-2004) 
/dev/sdal is mounted. 


WARNING!!! Running e2fsck on a mounted filesystem may cause 
SEVERE filesystem damage. 


Do you really want to continue (y/n)? no 


check aborted. 


But after unmounting fsck and e2fsck can be used to check an ext2 file system. 


[root@RHEL4b ~]# fsck /boot 
fsck 1.35 (28-Feb-2004) 
e2fsck 1.35 (28-Feb-2004) 

/boot: clean, 44/26104 files, 17598/104388 blocks 
[root@RHEL4b ~]# fsck -p /boot 

fsck 1.35 (28-Feb-2004) 
/boot: clean, 44/26104 files, 17598/104388 blocks 
[root@RHEL4b ~]# e2fsck -p /dev/sdal 

/boot: clean, 44/26104 files, 17598/104388 blocks 
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6.6. practice: file systems 


1. List the filesystems that are known by your system. 

2. Create an ext2 filesystem on the 200MB partition. 

3. Create an ext3 filesystem on one of the 300MB logical drives. 

4. Create an ext4 on the 400MB partition. 

5. Set the reserved space for root on the ext3 filesystem to 0 percent. 
6. Verify your work with fdisk and df. 


7. Perform a file system check on all the new file systems. 
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6.7. solution: file systems 


1. List the filesystems that are known by your system. 
man fs 
cat /proc/filesystems 


cat /etc/filesystems (not on all Linux distributions) 

2. Create an ext2 filesystem on the 200MB partition. 

mke2fs /dev/sdcl (replace sdcl with the correct partition) 

3. Create an ext3 filesystem on one of the 300MB logical drives. 
mke2fs -j /dev/sdb5 (replace sdb5 with the correct partition) 
4. Create an ext4 on the 400MB partition. 

mkfs.ext4 /dev/sdbl (replace sdbl with the correct partition) 
5. Set the reserved space for root on the ext3 filesystem to 0 percent. 


tune2fs -m 0 /dev/sdb5 


6. Verify your work with fdisk and df. 


mkfs (mke2fs) makes no difference in the output of these commands 


The big change is in the next topic: mounting 


7. Perform a file system check on all the new file systems. 
fsck /dev/sdb1 


fsck /dev/sdcl 
fsck /dev/sdb5 
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Once you've put a file system on a partition, you can mount it. Mounting a file system 
makes it available for use, usually as a directory. We say mounting a file system instead 
of mounting a partition because we will see later that we can also mount file systems that 
do not exists on partitions. 


On all Unix systems, every file and every directory is part of one big file tree. To access 
a file, you need to know the full path starting from the root directory. When adding a file 
system to your computer, you need to make it available somewhere in the file tree. The 
directory where you make a file system available is called a mount point. 
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7.1. mounting local file systems 
7.1.1. mkdir 


This example shows how to create a new mount point with mkdir. 


root@RHELv4u2:~# mkdir /home/project42 
7.1.2. mount 


When the mount point is created, and a file system is present on the partition, then mount 
can mount the file system on the mount point directory. 


root@RHELv4u2:~# mount -t ext2 /dev/sdb1 /home/project42/ 


Once mounted, the new file system is accessible to users. 
7.1.3. /etc/filesystems 


Actually the explicit -t ext2 option to set the file system is not always necessary. The mount 
command is able to automatically detect a lot of file systems. 


When mounting a file system without specifying explicitly the file system, then mount will 
first probe /etc/filesystems. Mount will skip lines with the nodev directive. 


paul@RHELv4u4:~$ cat /etc/filesystems 
ext3 

ext2 

nodev proc 

nodev devpts 

1s09660 

vfat 

hfs 


7.1.4. /proc/filesystems 


When /etc/filesystems does not exist, or ends with a single * on the last line, then mount 
will read /proc/filesystems. 

[root@RHEL52 ~]# cat /proc/filesystems grep -v “nodev 

ext2 


iso9660 
ext3 


7.1.5. umount 


You can unmount a mounted file system using the umount command. 


root@pasha:~# umount /home/reet 
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7.2. displaying mounted file systems 


To display all mounted file systems, issue the mount command. Or look at the files /proc/ 
mounts and /etc/mtab. 


7.2.1. mount 
The simplest and most common way to view all mounts is by issuing the mount command 


without any arguments. 


root @RHELv4u2:~# mount | grep /dev/sdb 
/dev/sdb1 on /home/project42 type ext2 (rw) 


7.2.2. /proc/mounts 


The kernel provides the info in /proc/mounts in file form, but /proc/mounts does not exist 
as a file on any hard disk. Looking at /proc/mounts is looking at information that comes 
directly from the kernel. 


root@RHELv4u2:~# cat /proc/mounts | grep /dev/sdb 
/dev/sdb1 /home/project42 ext2 rw 0 0 


7.2.0. /etc/mtab 


The /etc/mtab file is not updated by the kernel, but is maintained by the mount command. 
Do not edit /etc/mtab manually. 


root@RHELv4u2:~# cat /etc/mtab | grep /dev/sdb 
/dev/sdb1 /home/project42 ext2 rw 0 0 
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7.2.4. df 


A more user friendly way to look at mounted file systems is df. The df (diskfree) command 
has the added benefit of showing you the free space on each mounted disk. Like a lot of 
Linux commands, df supports the -h switch to make the output more human readable. 


root@RHELv4u2:~# df 

Filesystem 1K-blocks Used Available Use% Mounted on 
/dev/mapper/VolGroup00-LogVol00 

LAW O YS 2 6366996 4746240 58% / 


/dev/sdal 101086 9300 86567 10% /boot 

none 127988 0 127988 0% /dev/shm 
/dev/sdb1 108865 15510 101694 2% /home/project42 
root@RHELv4u2:~# df —-h 

Filesystem Size Used Avail Use% Mounted on 
/dev/mapper/VolGroup00-LogVol100 

12G 6.1G 4.6G 58% / 

/dev/sdal 99M 9.1M 85M 10% /boot 

none 125M 0 125M 0% /dev/shm 

/dev/sdb1 107M 1.6M 100M 2% /home/project42 


7.2.5. df -h 


In the df -h example below you can see the size, free space, used gigabytes and percentage 
and mount point of a partition. 


root@laika:~# df -h | egrep -e "(sdb2|File)" 
Filesystem Size Used Avail Use% Mounted on 
/dev/sdb2 92G 83G 8.6G 91% /media/sdb2 


7.2.6. du 


The du command can summarize disk usage for files and directories. By using du on a 
mount point you effectively get the disk space used on a file system. 


While du can go display each subdirectory recursively, the -s option will give you a total 
summary for the parent directory. This option is often used together with -h. This means du 
-sh on a mount point gives the total amount used by the file system in that partition. 
root@debian6~# du -sh /boot /srv/wolf 


6.2M /boot 
iit / suv / wot 
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7.3. from start to finish 


Below is a screenshot that show a summary roadmap starting with detection of the hardware 
(/dev/sdb) up until mounting on /mnt. 


[root@centos65 ~]# dmesg | grep '\[sdb\]' 

sd 3:0:0:0: [sdb] 150994944 512-byte logical blocks: (77.3 GB/72.0 GiB) 

sd 3:0:0:0: [sdb] Write Protect is off 

sd 3:0:0:0: [sdb] Mode Sense: 00 3a 00 OO 

sd 3:0:0:0: [sdb] Write cache: enabled, read cache: enabled, doesn't support \ 
DPO or FUA 
sd 3:0:0:0: [sdb] Attached SCSI disk 


[root@centos65 ~]# parted /dev/sdb 


(parted) mklabel msdos 

(parted) mkpart primary ext4 1 77000 
(parted) print 

Model: ATA VBOX HARDDISK (scsi) 

Disk /dev/sdb: 77.3GB 

Sector size (logical/physical): 512B/512B 
Partition Table: msdos 


Number Start End Size Type File system Flags 
1 1049kB 77.0GB 77.0GB primary 


(parted) quit 

[root@centos65 ~]# mkfs.ext4 /dev/sdbl 

mke2fs 1.41.12 (17-May-2010) 

Filesystem label= 

OS type: Linux 

Block size=4096 (log=2) 

Fragment size=4096 (log=2) 

Stride=0 blocks, Stripe width=0 blocks 

4702208 inodes, 18798592 blocks 

939929 blocks (5.00%) reserved for the super user 
First data block=0 

Maximum filesystem blocks=4294967296 

574 block groups 

32768 blocks per group, 32768 fragments per group 
8192 inodes per group 

( output truncated ) 


root@centos65 ~]# mount /dev/sdbl1 /mnt 
root@centos65 ~]# mount | grep mnt 
/dev/sdb1 on /mnt type ext4 (rw) 
root@centos65 ~]# df —-h | grep mnt 


/dev/sdb1 71G 180M 67G 1% /mnt 
root@centos65 ~]# du -sh /mnt 

20K /mnt 

root@centos65 ~]# umount /mnt 
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7.4. permanent mounts 


Until now, we performed all mounts manually. This works nice, until the next reboot. 
Luckily there is a way to tell your computer to automatically mount certain file systems 
during boot. 


7.4.1. /etc/fstab 


The file system table located in /etc/fstab contains a list of file systems, with an option to 
automtically mount each of them at boot time. 


Below is a sample /ete/fstab file. 


root @RHELv4u2:~# cat /etc/fstab 


/dev/VolGroup00/LogVol00 / ext3 defaults ial 
LABEL=/boot /boot ext3 defaults 2 
none /dev/pts devpts gid=5,mode=620 0 0 
none /dev/shm tmpfs defaults 0 0 
none [/ionetere! proc defaults 0 0 
none /sys sysfs defaults 00 
/dev/VolGroup00/LogVol01 swap swap defaults 0 0 


By adding the following line, we can automate the mounting of a file system. 


/dev/sdb1 /home/project42 ext2 defaults 0 0 
7.4.2. mount /mountpoint 


Adding an entry to /etc/fstab has the added advantage that you can simplify the mount 
command. The command in the screenshot below forces mount to look for the partition 
info in /ete/fstab. 


root@rhel65:~# mount /home/project42 
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7.5. securing mounts 
File systems can be secured with several mount options. Here are some examples. 


7.5.1. ro 


The ro option will mount a file system as read only, preventing anyone from writing. 


root@rhel53 ~# mount -t ext2 -o ro /dev/hdbl /home/project42 
root@rhel53 ~# touch /home/project42/testwrite 
touch: cannot touch */home/project42/testwrite': Read-only file system 


7.5.2. noexec 


The noexec option will prevent the execution of binaries and scripts on the mounted file 
system. 


root@rhel53 ~# mount -t ext2 -o noexec /dev/hdbl /home/project42 
root@rhel53 ~# cp /bin/cat /home/project42 

root@rhel53 ~# /home/project42/cat /etc/hosts 

-bash: /home/project42/cat: Permission denied 

root@rhel53 ~# echo echo hello > /home/project42/helloscript 
root@rhel53 ~# chmod +x /home/project42/helloscript 

root@rhel53 ~# /home/project42/helloscript 

-bash: /home/project42/helloscript: Permission denied 


7.5.3. nosuid 


The nosuid option will ignore setuid bit set binaries on the mounted file system. 


Note that you can still set the setuid bit on files. 


root@rhel53 ~# mount -o nosuid /dev/hdb1 /home/project42 
root@rhel53 ~# cp /bin/sleep /home/project42/ 

root@rhel53 ~# chmod 4555 /home/project42/sleep 

root@rhel53 ~# 1s -1 /home/project42/sleep 

-r-sr-xr-x 1 root root 19564 Jun 24 17:57 /home/project42/sleep 


But users cannot exploit the setuid feature. 


root@rhel53 ~# su — paul 
[paul@rhel53 ~]$ /home/project42/sleep 500 & 


LE S286 

[paul@rhel53 ~]$ ps -f 2876 

UID Pib PPID < Siime fry STAT TIME CMD 

paul Aisi  Aisis) (ik W oe bys) joresy/O S 0:00 /home/project42/sleep 500 


[paul@rhel53 ~]$ 
7.5.4. noacl 


To prevent cluttering permissions with acl's, use the noacl option. 


root@rhel53 ~# mount -o noacl /dev/hdb1 /home/project42 


More mount options can be found in the manual page of mount. 
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7.6. mounting remote file systems 
7.6.1. smb/cifs 


The Samba team (samba.org) has a Unix/Linux service that is compatible with the SMB/ 
CIFS protocol. This protocol is mainly used by networked Microsoft Windows computers. 


Connecting to a Samba server (or to a Microsoft computer) is also done with the mount 
command. 


This example shows how to connect to the 10.0.0.42 server, to a share named data2. 


[root@centos65 ~]# mount -t cifs -o user=paul //10.0.0.42/data2 /home/data2 
Password: 

[root@centos65 ~]# mount | grep cifs 

//10.0.0.42/data2 on /home/data2 type cifs (rw) 


The above requires yum install cifs-client. 
7 = 6 = 2 = n fs 


Unix servers often use nfs (aka the network file system) to share directories over the network. 
Setting up an nfs server is discussed later. Connecting as a client to an nfs server is done 
with mount, and is very similar to connecting to local storage. 


This command shows how to connect to the nfs server named server42, which is sharing 
the directory /srv/data. The mount point at the end of the command (/home/data) must 
already exist. 


[root@centos65 ~]# mount -t nfs server42:/srv/data /home/data 
[root@centos65 ~]# 


If this server42 has ip-address 10.0.0.42 then you can also write: 


[root@centos65 ~]# mount -t nfs 10.0.0.42:/srv/data /home/data 

[root@centos65 ~]# mount | grep data 

10.0.0.42:/srv/data on /home/data type nfs (rw, vers=4,addr=10.0.0.42,clienta\ 
ddr=100 033) 


7.6.3. nfs specific mount options 


bg If mount fails, retry in background. 

fg (default)If mount fails, retry in foreground. 
soft Stop trying to mount after X attempts. 
hard (default) Continue trying to mount. 


The soft+bg options combined guarantee the fastest client boot if there are NFS problems. 
retrans=X Try X times to connect (over udp). 


tcp Force tcp (default and supported) 
udp Force udp (unsupported) 
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7.7. practice: mounting file systems 


1. Mount the small 200MB partition on /home/project22. 


2. Mount the big 400MB primary partition on /mnt, the copy some files to it (everything in / 
etc). Then umount, and mount the file system as read only on /srv/nfs/salesnumbers. Where 
are the files you copied ? 


3. Verify your work with fdisk, df and mount. Also look in /etc/mtab and /proc/mounts. 
4, Make both mounts permanent, test that it works. 

5. What happens when you mount a file system on a directory that contains some files ? 
6. What happens when you mount two file systems on the same mount point ? 


7. (optional) Describe the difference between these commands: find, locate, updatedb, 
makewhatis, whereis, apropos, which and type. 


8. (optional) Perform a file system check on the partition mounted at /srv/nfs/salesnumbers. 
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7.8. solution: mounting file systems 


1. Mount the small 200MB partition on /home/project22. 


mkdir /home/project22 
mount /dev/sdcl /home/project22 


2. Mount the big 400MB primary partition on /mnt, the copy some files to it (everything in / 
etc). Then umount, and mount the file system as read only on /srv/nfs/salesnumbers. Where 
are the files you copied ? 

mount /dev/sdb1l /mnt 

ep —~ fete /mnt 

Hiss iL /Siniotie 


umount /mnt 
Se lee/aniarte 


mkdir -p /srv/nfs/salesnumbers 
mount /dev/sdbl1 /srv/nfs/salesnumbers 


You see the files in /srv/nfs/salenumbers now... 


But physically they are on ext3 on partition /dev/sdbl 


3. Verify your work with fdisk, df and mount. Also look in /etc/mtab and /proc/mounts. 
fdisk -1 

df -h 

mount 


All three the above commands should show your mounted partitions. 


grep project22 /etc/mtab 
grep project22 /proc/mounts 


4. Make both mounts permanent, test that it works. 


add the following lines to /etc/fstab 


/dev/sdcl /home/project22 auto defaults 0 0 
/dev/sdb1 /srv/nfs/salesnumbers auto defaults 0 0 


5. What happens when you mount a file system on a directory that contains some files ? 


The files are hidden until umount. 


6. What happens when you mount two file systems on the same mount point ? 


Only the last mounted fs is visible. 
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7. (optional) Describe the difference between these commands: find, locate, updatedb, 
makewhatis, whereis, apropos, which and type. 


man find 
man locate 


8. (optional) Perform a file system check on the partition mounted at /srv/nfs/salesnumbers. 


# umount /srv/nfs/salesnumbers (optional but recommended) 
# fsck /dev/sdb1l 
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Chapter 8. troubleshooting tools 


This chapter introduces some tools that go beyond df -h and du -sh. Tools that will enable 
you to troubleshoot a variety of issues with file systems and storage. 
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8.1. Is 


of 


List open files with Isof. 


When invoked without options, Isof will list all open files. You can see the command (init in 
this case), its PID (1) and the user (root) has openend the root directory and /sbin/init. The 
FD (file descriptor) columns shows that / is both the root directory (rtd) and current working 
directory (cwd) for the /sbin/init command. The FD column displays rtd for root directory, 
ewd for current directory and txt for text (both including data and code). 


root@debian7:~# lsof | head -4 


COMMAND 
lis oya ls = 
somes 
Sera st 


PID 
al 
il 
al 


TID 


USE 
roo 
roo 
roo 


R 
1c 
iE 
1 


FD 
cwd 
red 
txt 


GP, 
DIR 
DIR 
REG 


DEVICE 
254,0 
254,0 
254,0 


SIZE/OFF NODE NAME 
4096 2s off 
4096 Za Uf 
86992 USO //sleyliay/ sLiaaiie 


Other options in the FD column besides w for writing, are r for reading and u for both reading 
and writing. You can look at open files for a process id by typing Isof -p PID. For init this 


would look like this: 


Iso "=p 


iL 


The screenshot below shows basic use of Isof to prove that vi keeps a .swp file open (even 
when stopped in background) on our freshly mounted file system. 


[root@RHEL65 ~]# df -h | grep sdb 


/dev/sdb 


al 


541M 


17M 497M 


[root@RHEL65 ~]# vi /srv/project33/busyfile.txt 


[1]+ Stopped 
[root@RHEL65 ~]# lsof /srv/* 
PID USER FD 


COMMAND 
vi 


3243 


root 


3u 


AL 


& /srv/project33 


vi /srv/project33/busyfile.txt 


YPE DEVICE SIZE/OFF NODE NAME 


REG 


Sia, 


4096 le? 


/srv/project33/.busyfile.txt.swp 


Here we see that rsyslog has a couple of log files open for writing (the FD column). 


root@debian7:~# lsof /var/log/* 


COMMAND 

rsyslogd 
rsyslogd 
rsyslogd 
rsyslogd 
rsyslogd 
rsyslogd 


You can 


PID 
2013 
2013 
2013 
2013 
2013 
2013 


USER 
Loot 
root 
Foot 
root 
Loot 
root 


19 


D 

lw 
2w 
5w 
6w 
Tw 
8w 


LYRE 
REG 
REG 
REG 
REG 
REG 
REG 


DEVICE 
254,0 
254,0 
254,0 
254,0 
254,0 
254,0 


SIZE/OFF 
454297 
419328 
LLG TAS 
309847 

17591 
101768 


NODE NAME 
1308187 /var/log/syslog 
1308189 /var/log/kern.log 
1308200 /var/log/debug 
1308201 /var/log/messages 
1308188 /var/log/daemon.log 
1308186 /var/log/auth.log 


specify a specific user with Isof -u. This example shows the current working 
directory for a couple of command line programs. 


[paul@RHEL65 
bash S302 
lsof 3329) 
grep $35),5110) 
lsof Ssail 


~]$ lsof -u paul 


paul 
paul 
paul 
paul 


cwd 
cwd 
cwd 
cwd 


DIR 
DIR 
DIR 
DIR 


| grep home 


25370 
25570) 
253), 10) 
Zoo 0) 


4096 
4096 
4096 
4096 


788024 /home/paul 
788024 /home/paul 
788024 /home/paul 
788024 /home/paul 


The -u switch of Isof also supports the “ character meaning 'not'. To see all open files, but 
not those open by root: 


sor =u 


root 
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8.2. fuser 


The fuser command will display the ‘user' of a file system. 


In this example we still have a vi process in background and we use fuser to find the process 
id of the process using this file system. 


[root@RHEL65 ~]# jobs 


[1]+ Stopped vi /srv/project33/busyfile.txt 
[root@RHEL65 ~]# fuser -m /srv/project33/ 
/srv/project33/: 3243 


Adding the -u switch will also display the user name. 


[root@RHEL65 ~]# fuser -m -u /srv/project33/ 
[SEN PLOReCESsy: 3243 (root) 


You can quickly kill all processes that are using a specific file (or directory) with the -k 
switch. 


[root@RHEL65 ~]# fuser -m -k -u /srv/project33/ 

/ SEV /PLOWNeCe Ss) : 3243 (root) 

[1]+ Killed vi /srv/project33/busyfile.txt 
[root@RHEL65 ~]# fuser -m -u /srv/project33/ 

[root@RHEL65 ~]# 


This example shows all processes that are using the current directory (bash and vi in this 
case). 


root@debian7:~/test42# vi file42 


[1]+ Stopped vi file42 
root@debian7:~/test42# fuser -v 
USER PID ACCESS COMMAND 
/root/test42: root 2909 ..c.. bash 
root BTUs) eC are Wir 


This example shows that the vi command actually accesses /usr/bin/vim.basic as an 
executable file. 


root@debian7:~/test42# fuser -v $(which vi) 


USER PID ACCESS COMMAND 
/usr/bin/vim.basic: root Sis ee Val 


The last example shows how to find the process that is accessing a specific file. 


[root@RHEL65 ~]# vi /srv/project33/busyfile.txt 


[1]+ Stopped vi /srv/project33/busyfile.txt 
[root@RHEL65 ~]# fuser -v -m /srv/project33/busyfile.txt 
USER PID ACCESS COMMAND 
/srv/project33/busyfile.txt: 
root ISOS 15 6 gro Nz 
[root@RHEL65 ~]# ps -fp 13938 
jU/ 11D) PID PPID “< SFIMe Try TIME CMD 
root 13938 3110 0 15:47 pts/0 00:00:00 vi /srv/project33/busyfile.txt 
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8.3. chroot 


The chroot command creates a shell with an alternate root directory. It effectively hides 
anything outside of this directory. 


In the example below we assume that our system refuses to start (maybe because there is a 
problem with /etc/fstab or the mounting of the root file system). 


We start a live system (booted from cd/dvd/usb) to troubleshoot our server. The live system 
will not use our main hard disk as root device 


root@livecd:~# df —-h | grep root 

rootfs 186M 11M 175M & / 

/dev/loop0 807M 807M 0 100% /lib/live/mount/rootfs/filesystem.squashfs 
root@livecd:~# mount | grep root 

/dev/loopO on /lib/live/mount/rootfs/filesystem.squashfs type squashfs (ro) 


We create some test file on the current rootfs. 


root@livecd:~# touch /fi1e42 
root@livecd:~# mkdir /dir42 
root@livecd:~# 1s / 


bin dir42 home 1ib64 opt run Srv, Usic 
boot etc initrd.img media proc’ sbin sys var 
dev file42 lib mnt root selinux tmp vmlinuz 


First we mount the root file system from the disk (which is on lvm so we use /dev/mapper 
instead of /dev/sda5). 


root@livecd:~# mount /dev/mapper/packer-—debian-—-7-root /mnt 


We are now ready to chroot into the rootfs on disk. 


root@livecd:~# cd /mnt 
root@livecd:/mnt# chroot /mnt 
root@livecd:/# 1s / 


bin dev IMteredirng Tlostrkound) jopit run Sieve ee uisis vmlinuz 
boot etc ilaie) media proc sbin syS vagrant 
data home 11b64 mnt root selinux tmp var 


Our test files (file42 and dir42) are not visible because they are out of the chrooted 
environment. 


Note that the hostname of the chrooted environment is identical to the existing hostname. 


To exit the chrooted file system: 


root@livecd:/# exit 


exit 

root@livecd:~# ls / 

bin dir42 home 1ib64 opt run Cie ibisas 
boot etc initrd.img media proc. sbin sys var 
dev file42 lib mnt root selinux tmp vmlinuz 
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8.4. iostat 


iostat reports IO statitics every given period of time. It also includes a small cpu usage 
summary. This example shows iostat running every ten seconds with /dev/sdc and /dev/sde 
showing a lot of write activity. 


[root@RHEL65 ~]# iostat 10 3 


Linux 2.6.32-431.e16.x86_64 (RHEL65) 06/16/2014 _x86_64_ (1 CPU) 
avg-cpu: %user Snice ssystem Siowait %steal Sidle 

Byte 0.00 Sis Oras 0.00 90.85 
Device: tps Blk_read/s Blk_wrtn/s Blk_read Blk_wrtn 
sda 42.08 1204.10 1634.88 1743708 231675310 
sdb SAO) Tao!) 451.78 abalgileey 66292 
sdc Woe2 By6i0) AVG) h2 7672 66348 
sdd Ooo 5529) 45.78 7656 66292 
sde 1.04 6.28 Sila 9100 132496 
sdf O70 3.40 91.46 4918 132440 
sdg O66 3.40 O46 4918 132440 
dm-0 leioyalys (ite) 1045.78 131627..30 1514434 1972808 
dm-1 49.26 E5054 2435.55) 218000 352696 
avg-cpu: %user Snice ssystem Siowait %steal Sidle 

BG sii 0.00 G33 0.10 0.00 21695 
Device: tps Blk_read/s Blk_wrtn/s Blk_read Blk_wrtn 
sda ZoW On MOUS 52:97 1595 101656 768 
sdb 0.00 0.00 0.00 0 0 
sdc Sate 1.60 AS 5}.5 LAL 16 29472 
sdd 0.00 0.00 0.00 0 0 
sde aol: 1.60 4813.63 16 48040 
sdf 0.00 0.00 0.00 0 0 
sdg 0.00 0.00 0.00 0 0) 
dm-—-0 283.77 TOTS 5.97 162.95 101656 768 
dm-1 0.00 0.00 0.00 0 0 
avg-cpu: %user snice ssystem Siowait %steal Sidle 

Cie 65) 000 Syeda @.21 0.00 13.13 
Device: tps Blk_read/s Blk_wrtn/s Blk_read Blk_wrtn 
sda 466.86 ZO DEI 50) 178.28 2335516 1576 
sdb 0.00 0.00 0.00 0 0 
sdc 31.45 OO ISIN Gs NS 8 220976 
sdd O00 0.00 0.00 0 0 
sde 0.34 Or00 5.43 0 48 
sdf 0.00 0.00 0.00 0 0 
sdg 0.00 0.00 0.00 0 0 
dm-0 DUS 62 26938.46 ISI 218 238136 SRG 
dm-1 Dns BED NSE 0.00 200 0 


[root@RHEL65 ~]# 


Other options are to specify the disks you want to monitor (every 5 seconds here): 


iostat sdd sde sdf 5 


Or to show Statistics per partition: 


iostat -p sde -p sdf 5 
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8.5. iotop 


iotop works like the top command but orders processes by input/output instead of by CPU. 


By default iotop will show all processes. This example uses iotop -o to only display 
processes with actual I/O. 


[root@RHEL65 ~]# iotop -o 


Total DISK READ: 8.63 M/s | Total DISK WRITE: 0.00 B/s 


TID PRIO USER DISK READ DISK WRITE SWAPIN L@> COMMAND 
15000 be/4 root 2.43 M/s OO) yf COO) & Ie G0) 4 eens wae sinc, 5. 
25000 be/4 root 6.20 M/s O200' BYs: OR00 2 “6.15 star czt /srvi/ida.. 
24988 be/4 root 0.00 B/s I-20 M/s) O00" 3 “O00 4) gzip 
25003 be/4 root On00PB/s T5919 K/s 0200 = 0200 3 gzare 
25004 be/4 root OnCONB/is= 19375 Kis S000 2 O00 s bzaie2 


Use the -b switch to create a log of iotop output (instead of the default interactive view). 


[root@RHEL65 ~]# iotop -bod 10 
Total DISK READ: 12.82 M/s | Total DISK WRITE: 5.69 M/s 


TID PRIO USER DISK READ DISK WRITE SWAPIN IO COMMAND 

25153) be/4 root 2.05 M/s OSC ys COO 5  WetHl  eeus aie siecle a 
25152 be/4 root 10.77 M/s O200' Bs O00 2 25942 tax czt /srvi/idi. x. 
25144 be/4 root 408.54 B/s OOO By COO % CWO  jsypcivein bisa //sionl 5. 
2566 be/ Ss soot 0.00 B/s 1491.33 K/s 01.00 3 0.204 3 [jbd2/sdell—8] 
12522. be/s) root 0.00 B/s 45.48 K/s 0.00 % 0.01 % [jbd2/sdel1-8] 
25158 be/4 root 0.00 B/s 0.00 B/s 0.00 & 0.00 % [flush-8:64] 

PAILS) lefey/ AY veloyohe 0.00 B/s 493.12 K/s 0.00 & 0.00 % bzip2 

25156 be/4 root 0.00 B/s 2.81 M/s 0.00 8 0.00 % gzip 

25159 be/4 root WSO) i/s SA cos M/s W010  WeOO ka [peilwiense sy) 


This is an example of iotop to track disk I/O every ten seconds for one user named vagrant 
(and only one process of this user, but this can be omitted). The -a switch accumulates I/ 
O over time. 


TAC ECMISIIINS 5) ——j|F7 SHOlEOjs: Cp Ser SUl swelefecuote Soy Sj) DAIS sel io) =m 110) 
Total DISK READ: 0.00 B/s | Total DISK WRITE: 0.00 B/s 

TID PRIO USER DISK READ DISK WRITE SWAPIN IO COMMAND 

5216 be/4 vagrant 0.00 B O00 OL 00F 2 0s 00F 2 gzahs 
Total DISK READ: 818.22 B/s | Total DISK WRITE: 20.78 M/s 

5216 be/4 vagrant 0.00 B 213.89 M 0.00 3 0.00 % gzip 
Total DISK READ: 2045.95 B/s | Total DISK WRITE: 23.16 M/s 

5216 be/4 vagrant OROOFE 430.70 M 0.00 © 0.00 % gzip 
Total DISK READ: 1227.50 B/s | Total DISK WRITE: 22.37 M/s 

5216 be/4 vagrant 0.00 B 642.02 M 0.00 & 0.00 % gzip 
Total DISK READ: 818.35 B/s | Total DISK WRITE: 16.44 M/s 

5216 be/4 vagrant 0.00 B 834209 M 020002 02010) 2 gzip 
Total DISK READ: 6.95 M/s | Total DISK WRITE: 8.74 M/s 

5216 be/4 vagrant 0.00 B 920.69 M 0.00 @ 0.00 % gzip 
Total DISK READ: 21.71 M/s | Total DISK WRITE: 11.99 M/s 
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8.6. vmstat 


While vmstat is mainly a memory monitoring tool, it is worth mentioning here for its 
reporting on summary I/O data for block devices and swap space. 


This example shows some disk activity (underneath the ----- io---- column), without 
swapping. 

[root@RHEL65 ~]# vmstat 5 10 

procs —-Nenory———— == =SWEIO=—= SLO SVSEen=—= === == Ce ba = 
r b  swpd free buff cache si so lout bo in cs us sy id wa st 
0 0 5420 9092 14020 340876 7 12 235 252 77 100 2 198 0 0 
2 0 5420 6104 13840 338176 0 0 7401 7812 747 1887 38 12 50 0 0 
2 0 5420 10136 13696 336012 0 0 11334 14 1725 4036 76 24 0 0 0 
0 0 5420 14160 13404 341552 0 0 10161 9914 1174 1924 67 1518 0 0 
0 0 5420 14300 13420 341564 0 0 0 16 28 18 0 0100 0 0 
0 0 5420 14300 13420 341564 0 0 0 0 22 160 0100 0 0 


2 


[root@RHEL65 ~]# 


You can benefit from vmstat's ability to display memory in kilobytes, megabytes or even 
kibibytes and mebibytes using -S (followed by k K m or M). 


[root@RHEL65 ~]# vmstat -SM 5 10 


procs memory swap io system cpu 

r bb swpd free buff cache si so bi bo in cs us sy id wa st 
0 0 5 14 dou 334 0 0 25g ZOD) 79 LOW. 20 Ae 97 0) 0 
0 0 5 14 ila 334 0 0) 0 2. al 38> 10 0) 2010 10) 0 
0 0 Sl alES) i 334 0 0 6 0 35 SLO O00 SOO 
2 5 6 ala 336 0 O 17100 7et4 Ue78 2945 43 21 31) 300 
A © 5 6 dv 336 0 Ois1593 V4 1662 3343 78 22 0 © 0 
2 0 5 Ls) i 5330) 0 O 12656 9781 1419 2642 82°18 0) 0 0 
2 0 5 9 cleat 334 0 0 1070S Zvi Ls04 2oa7 Bil Ws 0) @ @ 
1 0 5 14 ital 836 0 0 6467 3788 765 1384 43 9 48 0 0 
0 0 5 14 dpu 8316 0 0 0 aS) 28 24 0 0100 0 O 
0 0 5 14 iil SIG 0 0 0) 0) 20 iy @ © L0@ @ © 
[root@RHEL65 ~]# 


vmstat is also discussed in other chapters. 
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8.7. practice: troubleshooting tools 


Q. It is imperative that you practice these tools before trouble arises. It will help you get 
familiar with the tools and allow you to create a base line of normal behaviour for your 
systems. 


1. Read the theory on fuser and explore its man page. Use this command to find files that 
you open yourself. 


2. Read the theory on Isof and explore its man page. Use this command to find files that 
you open yourself. 


3. Boot a live image on an existing computer (virtual or real) and chroot into to it. 


4. Start one or more disk intensive jobs and monitor them with iostat and iotop (compare 
to vmstat). 
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8.8. solution: troubleshooting tools 


Q. It is imperative that you practice these tools before trouble arises. It will help you get 
familiar with the tools and allow you to create a base line of normal behaviour for your 
systems. 


1. Read the theory on fuser and explore its man page. Use this command to find files that 
you open yourself. 


2. Read the theory on Isof and explore its man page. Use this command to find files that 
you open yourself. 


3. Boot a live image on an existing computer (virtual or real) and chroot into to it. 


4. Start one or more disk intensive jobs and monitor them with iostat and iotop (compare 
to vmstat). 
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Chapter 9. introduction to uuid's 


A uuid or universally unique identifier is used to uniquely identify objects. This 128bit 
standard allows anyone to create a unique uuid. 


This chapter takes a brief look at uuid's. 
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9.1. about unique objects 


Older versions of Linux have a vol_id utility to display the uuid of a file system. 


root@debian5:~# vol_id --uuid /dev/sdal 
193c3c9b-2c40-9290-8b71-42 64ee4d4c82 


Red Hat Enterprise Linux 5 puts vol_id in /lib/udev/vol_id, which is not in the $PATH. The 
syntax is also a bit different from Debian/Ubuntu/Mint. 


root@rhel53 ~# /lib/udev/vol_id -u /dev/hdal 
48a6a316-9ca9-4214-b5c6—-e7b33a77e860 


This utility is not available in standard installations of RHEL6 or Debian6. 
9.2. tune2fs 


Use tune2fs to find the uuid of a file system. 
[root@RHEL5 ~]# tune2fs -1l /dev/sdal | grep UUID 
Filesystem UUID: lilcfc8bc-07c0-4c3£-9f64-78422ef1dd5c 


[root@RHEL5 ~]# /lib/udev/vol_id -u /dev/sdal 
llcfc8bc-07c0-4c3£-9f64-78422ef1ldd5c 


9.3. uuid 


There is more information in the manual of uuid, a tool that can generate uuid's. 


[root@rhel65 ~]# yum install uuid 
(output truncated) 
[root@rhel65 ~]# man uuid 
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9.4. uuid in /etc/fstab 


You can use the uuid to make sure that a volume is universally uniquely identified in /ete/ 
fstab. The device name can change depending on the disk devices that are present at boot 
time, but a uuid never changes. 


First we use tune2fs to find the uuid. 


[root@RHEL5 ~]# tune2fs -1 /dev/sdcl | grep UUID 
Filesystem UUID: 7626d73a-2bb6—-4937-90ca-e451025d64e8 


Then we check that it is properly added to /etc/fstab, the uuid replaces the variable 
devicename /dev/sdc1. 


[root@RHEL5 ~]# grep UUID /etc/fstab 
UUID=7626d73a-2bb6-4937-90ca—-e451025d64e8 /home/pro42 ext3 defaults 0 0 


Now we can mount the volume using the mount point defined in /etc/fstab. 


[root@RHEL5 ~J]# mount /home/pro42 
[root@RHELS ~]# df —-h | grep 42 
/dev/sdcl 397M 11M 366M % /home/pro42 


The real test now, is to remove /dev/sdb from the system, reboot the machine and see what 
happens. After the reboot, the disk previously known as /dev/sdc is now /dev/sdb. 


[root@RHEL5 ~]# tune2fs -1 /dev/sdbl | grep UUID 
Filesystem UUID: 7626d73a-2bb6—-4937-90ca-e451025d64e8 


And thanks to the uuid in /etc/fstab, the mountpoint is mounted on the same disk as before. 


[root@RHEL5 ~]# df -h | grep sdb 
/dev/sdb1 397M 11M 366M % /home/pro42 
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9.5. uuid as a boot device 


Recent Linux distributions (Debian, Ubuntu, ...) use grub with a uuid to identify the root 
file system. 


This example shows how a root=/dev/sdal is replaced with a uuid. 


title Ubuntu 9.10, kernel 2.6.31-19-generic 

uuid £001ba5d-9077-422a—-9634-8d23d57e782a 

kernel JAsxvorone /pillaliontive—% 6 (5, SiL— IS) —fefenayeiese) \ 
root=UUID=f001ba5d-9077-422a—-9634-8d23d57e782a ro quiet splash 
initrd /boot/initrd.img-2.6.31-19-generic 


The screenshot above contains only four lines. The line starting with root= is the 
continuation of the kernel line. 


RHEL and CentOS boot from LVM after a default install. 
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9.6. practice: uuid and filesystems 


1. Find the uuid of one of your ext3 partitions with tune2fs ( and vol_id if you are on 
RHELS). 


2. Use this uuid in /etc/fstab and test that it works with a simple mount. 


3. (optional) Test it also by removing a disk (so the device name is changed). You can edit 
settings in vmware/Virtualbox to remove a hard disk. 


4. Display the root= directive in /boot/grub/menu.Ist. (We see later in the course how to 
maintain this file.) 


5. (optional on ubuntu) Replace the /dev/xxx in /boot/grub/menu.lst with a uuid (use an 
extra stanza for this). Test that it works. 
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9.7. solution: uuid and filesystems 
1. Find the uuid of one of your ext3 partitions with tune2fs ( and vol_id if you are on 
RHELS). 


root@rhel55:~# /lib/udev/vol_id -u /dev/hdal 
60926898-2c78—-49b4-a71d-—c1d6310c87cc 


root@ubul004:~# tune2fs -1 /dev/sda2 | grep UUID 
Filesystem UUID: SO 0M bT4S—Mdce—Ad67—9a59 Cire ore Sie9 Mog, 


2. Use this uuid in /etc/fstab and test that it works with a simple mount. 


tail -1 /etc/fstab 
UUID=60926898-2c78-—49b4-a71d-c1d6310c87cc /home/pro42 ext3 defaults 0 0 


3. (optional) Test it also by removing a disk (so the device name is changed). You can edit 
settings in vmware/Virtualbox to remove a hard disk. 


4. Display the root= directive in /boot/grub/menu.Ist. (We see later in the course how to 
maintain this file.) 
paul@deb503:~$ grep *[*#] /boot/grub/menu.lst | grep root= 


kernel /boot/vmlinuz-2.6.26-2-686 root=/dev/hdal ro selinux=1 quiet 
kernel /boot/vmlinuz-2.6.26-2-686 root=/dev/hdal ro selinux=1 single 


5. (optional on ubuntu) Replace the /dev/xxx in /boot/grub/menu.lst with a uuid (use an 
extra stanza for this). Test that it works. 


91 


Chapter 10. introduction to raid 


10.1. hardware or software 


Redundant Array of Independent (originally Inexpensive) Disks or RAID can be set up using 
hardware or software. Hardware RAID is more expensive, but offers better performance. 
Software RAID is cheaper and easier to manage, but it uses your CPU and your memory. 


Where ten years ago nobody was arguing about the best choice being hardware RAID, this 
has changed since technologies like mdadm, lvm and even zfs focus more on managability. 
The workload on the cpu for software RAID used to be high, but cpu's have gotten a lot 
faster. 
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10.2. raid levels 
10.2.1. raid 0 


raid 0 uses two or more disks, and is often called striping (or stripe set, or striped volume). 
Data is divided in chunks, those chunks are evenly spread across every disk in the array. 
The main advantage of raid 0 is that you can create larger drives. raid 0 is the only raid 
without redundancy. 


10.2.2. jbod 


jbod uses two or more disks, and is often called concatenating (spanning, spanned set, or 
spanned volume). Data is written to the first disk, until it is full. Then data is written to the 
second disk... The main advantage of jbod (Just a Bunch of Disks) is that you can create 
larger drives. JBOD offers no redundancy. 


10.2.3. raid 1 


raid 1 uses exactly two disks, and is often called mirroring (or mirror set, or mirrored 
volume). All data written to the array is written on each disk. The main advantage of raid 1 
is redundancy. The main disadvantage is that you lose at least half of your available disk 
space (in other words, you at least double the cost). 


10.2.4. raid 2, 3 and 4 ? 


raid 2 uses bit level striping, raid 3 byte level, and raid 4 is the same as raid 5, but with a 
dedicated parity disk. This is actually slower than raid 5, because every write would have 
to write parity to this one (bottleneck) disk. It is unlikely that you will ever see these raid 
levels in production. 


10.2.5. raid 5 


raid 5 uses three or more disks, each divided into chunks. Every time chunks are written 
to the array, one of the disks will receive a parity chunk. Unlike raid 4, the parity chunk 
will alternate between all disks. The main advantage of this is that raid 5 will allow for full 
data recovery in case of one hard disk failure. 


10.2.6. raid 6 


raid 6 is very similar to raid 5, but uses two parity chunks. raid 6 protects against two hard 
disk failures. Oracle Solaris zfs calls this raidz2 (and also had raidz3 with triple parity). 
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10.2.7. raid 0+1 


raid 0+1 is a mirror(1) of stripes(0). This means you first create two raid 0 stripe sets, and 
then you set them up as a mirror set. For example, when you have six 100GB disks, then 
the stripe sets are each 300GB. Combined in a mirror, this makes 300GB total. raid 0+1 
will survive one disk failure. It will only survive the second disk failure if this disk is in the 
same stripe set as the previous failed disk. 


10.2.8. raid 1+0 


raid 1+0 is a stripe(O) of mirrors(1). For example, when you have six 100GB disks, then 
you first create three mirrors of 1OOGB each. You then stripe them together into a 300GB 
drive. In this example, as long as not all disks in the same mirror fail, it can survive up to 
three hard disk failures. 


10.2.9. raid 50 


raid 5+0 is a stripe(O) of raid 5 arrays. Suppose you have nine disks of 1O0GB, then you 
can create three raid 5 arrays of 200GB each. You can then combine them into one large 
stripe set. 


10.2.10. many others 


There are many other nested raid combinations, like raid 30, 51, 60, 100, 150, ... 
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10.3. building a software raid5 array 


10.3.1. do we have three disks? 


First, you have to attach some disks to your computer. In this scenario, three brand new disks 
of eight gigabyte each are added. Check with fdisk -1 that they are connected. 


[root@rhel6c ~]# fdisk -1 2> /dev/null | grep MB 
Disk /dev/sdb: 8589 MB, 8589934592 bytes 
Disk /dev/sdc: 8589 MB, 8589934592 bytes 
Disk /dev/sdd: 8589 MB, 8589934592 bytes 


10.3.2. fd partition type 


The next step is to create a partition of type fd on every disk. The fd type is to set the partition 
as Linux RAID autodetect. See this (truncated) screenshot: 


[root@rhel6c ~]# fdisk /dev/sdd 


Command (m for help): n 
Command action 
e extended 
p primary partition (1-4) 
Pp 
Partition number (1-4): 1 
First cylinder (1-1044, default 1): 
Using default value 1 
Last cylinder, t+tcylinders or +size{K,M,G} (1-1044, default 1044): 
Using default value 1044 


Command (m for help): t 

Selected partition 1 

Hex code (type L to list codes): fd 

Changed system type of partition 1 to fd (Linux raid autodetect) 


Command (m for help): w 
The partition table has been altered! 


Calling ioctl() to re-read partition table. 
Syncing disks. 


10.3.3. verify all three partitions 


Now all three disks are ready for raid 5, so we have to tell the system what to do with these 
disks. 


[root@rhel6c ~]# fdisk -l 2> /dev/null | grep raid 


/dev/sdb1 iF 1044 8385898+ fd Linux raid autodetect 
/dev/sdcl 1 1044 8385898+ fd Linux raid autodetect 
/dev/sddl il 1044 8385898+ fd Linux raid autodetect 


95 


introduction to raid 


10.3.4. create the raid5 


The next step used to be create the raid table in /etc/raidtab. Nowadays, you can just issue 
the command mdadm with the correct parameters. 


The command below is split on two lines to fit this print, but you should type it on one line, 
without the backslash (\). 


[root@rhel6c ~]# mdadm create /dev/md0 chunk=64 level=5 raid-\ 
devices=3 /dev/sdb1 /dev/sdcl /dev/sddl 

mdadm: Defaulting to version 1.2 metadata 

mdadm: array /dev/md0O started. 


Below a partial screenshot how fdisk -1 sees the raid 5. 
[root@rhel6c ~]# fdisk -1l /dev/md0 


Disk /dev/md0: 17.2 GB, 17172135936 bytes 

2 heads, 4 sectors/track, 4192416 cylinders 

Units = cylinders of 8 * 512 = 4096 bytes 

Sector size (logical/physical): 512 bytes / 512 bytes 
I/O size (minimum/optimal): 65536 bytes / 131072 bytes 
Disk identifier: 0x00000000 


Disk /dev/mdO doesn't contain a valid partition table 


We could use this software raid 5 array in the next topic: lvm. 
10.3.5. /proc/mdstat 


The status of the raid devices can be seen in /proc/mdstat. This example shows a raid 5 
in the process of rebuilding. 


[root@rhel6c ~]# cat /proc/mdstat 
Personalities : [raid6] [raid5] [raid4] 
mdQ : active raid5 sddl1[3] sdcl[1] sdb1[0] 
16769664 blocks super 1.2 level 5, 64k chunk, algorithm 2 [3/2] [UU_] 
[SSSSSSS=====>........ ] recovery = 62.8% (5266176/8384832) finish=0\ 
.3min speed=139200K/sec 


This example shows an active software raid 5. 


[root@rhel6c ~]# cat /proc/mdstat 
Personalities : [raid6] [raid5] [raid4] 
mdQ : active raid5 sddl1[3] sdcl[1] sdb1[0] 
16769664 blocks super 1.2 level 5, 64k chunk, algorithm 2 [3/3] [UUU] 
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10.3.6. mdadm --detail 


Use mdadm --detail to get information on a raid device. 


[root@rhel6c ~]# mdadm --detail /dev/md0 


/dev/md0: 

Version 
Creation Time 
Raid Level 
Array Size 
Used Dev Size 
Raid Devices 
Total Devices 
Persistence 


Update Time 


dee 
Sibboy bil alg absyaatsyo ula eioal ah 
raidd5 


H6T69 664 NGS {ION GiB tits \GB)) 


8384832 (8.00 GiB 8.59 GB) 
3 

3 

Superblock is persistent 


Surely Si 494352 Ona 


State clean 
Active Devices 3 
Working Devices S 
Failed Devices : 0 
Spare Devices 0 
Layout : left-symmetric 


Chunk Size : 64K 


Name : rhel6c:0 (local to host rhel6c) 
UUED" 2 clOEd9 CS 0 SE9a25£ bes l302Z7 2 999cs8elt 
Events : 18 


Number Major Minor RaidDevice State 


0 8 alle 0 active sync /dev/sdb1 
1 8 88 a active sync /dev/sdcl1 
3 8 49 2 active sync /dev/sdd1 


10.3.7. removing a software raid 


The software raid is visible in /proc/mdstat when active. To remove the raid completely so 
you can use the disks for other purposes, you stop (de-activate) it with mdadm. 


[root@rhel6c ~]# mdadm --stop /dev/md0 
mdadm: stopped /dev/md0 


The disks can now be repartitioned. 
10.3.8. further reading 


Take a look at the man page of mdadm for more information. Below an example command 
to add a new partition while removing a faulty one. 


mdadm /dev/md0 --add /dev/sddl --fail /dev/sdb1 --remove /dev/sdb1 


97 


introduction to raid 


10.4. practice: raid 


1. Add three virtual disks of 1GB each to a virtual machine. 

2. Create a software raid 5 on the three disks. (It is not necessary to put a filesystem on it) 
3. Verify with fdisk and in /proc that the raid 5 exists. 

4. Stop and remove the raid 5. 


5. Create a raid 1 to mirror two disks. 
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10.5. solution: raid 


1. Add three virtual disks of 1GB each to a virtual machine. 

2. Create a software raid 5 on the three disks. (It is not necessary to put a filesystem on it) 
3. Verify with fdisk and in /proc that the raid 5 exists. 

4. Stop and remove the raid 5. 


5. Create a raid 1 to mirror two disks. 


[root@rhel6c ~]# mdadm create /dev/md0 level=1 raid-devices=2 \ 
/dev/sdb1 /dev/sdcl 
mdadm: Defaulting to version 1.2 metadata 
mdadm: array /dev/md0O started. 
[root@rhel6c ~]# cat /proc/mdstat 
Personalities : [raid6] [raid5] [raid4] [raidl] 
mdO : active raid1l sdcl[1] sdb1[0] 
8384862 blocks super 1.2 [2/2] [UU] 
PSH SP ve ee eidas deevcelenaesvecsse ans ] resynce = 20.8% (1745152/8384862) \ 
finish=0.5min speed=218144K/sec 
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Chapter 11. logical volume 
management 


Most Ivm implementations support physical storage grouping, logical volume resizing 
and data migration. 


Physical storage grouping is a fancy name for grouping multiple block devices (hard disks, 
but also iSCSI etc) into a logical mass storage device. To enlarge this physical group, block 
devices (including partitions) can be added at a later time. 


The size of lvm volumes on this physical group is independent of the individual size of the 
components. The total size of the group is the limit. 


One of the nice features of vm is the logical volume resizing. You can increase the size of 
an lvm volume, sometimes even without any downtime. Additionally, you can migrate data 
away from a failing hard disk device, create mirrors and create snapshots. 
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11.1. introduction to lvm 


11.1.1. problems with standard partitions 


There are some problems when working with hard disks and standard partitions. Consider 
a system with a small and a large hard disk device, partitioned like this. The first disk (/ 
dev/sda) is partitioned in two, the second disk (/dev/sdb) has two partitions and some empty 
space. 


In the example above, consider the options when you want to enlarge the space available 
for /srv/project42. What can you do ? The solution will always force you to unmount the 
file system, take a backup of the data, remove and recreate partitions, and then restore the 
data and remount the file system. 


11.1.2. solution with lvm 


Using Ivm will create a virtual layer between the mounted file systems and the hardware 
devices. This virtual layer will allow for an administrator to enlarge a mounted file system in 
use. When Ivm is properly used, then there is no need to unmount the file system to enlarge it. 


volume group 


i ae 
Tas en | 
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11.2. lvm terminology 
11.2.1. physical volume (pv) 


A physical volume is any block device (a disk, a partition, a RAID device or even an iSCSI 
device). All these devices can become a member of a volume group. 


The commands used to manage a physical volume start with pv. 


[root@centos65 ~]# pv 
pvchange pvck pvcreate pvdisplay pvmove pvremove 
pvresize pvs pvscan 


11.2.2. volume group (vg) 


A volume group is an abstraction layer between block devices and logical volumes. 


The commands used to manage a volume group start with vg. 


[root@centos65 ~]# vg 


vgcfgbackup vgconvert vgextend vgmknodes vgs 
vgcfgrestore vgcreate vgimport vgreduce vgscan 
vgchange vgdisplay vgimportclone vgremove vgsplit 
vgck vgexport vgmerge vgrename 


11.2.3. logical volume (lv) 


A logical volume is created in a volume group. Logical volumes that contain a file system 
can be mounted. The use of logical volumes is similar to the use of partitions and is 
accomplished with the same standard commands (mkfs, mount, fsck, df, ...). 


The commands used to manage a logical volume start with lv. 


[root@centos65 ~]# lv 

lvchange lvextend lvmdiskscan lvmsar lvresize 
lvconvert lvm lvmdump lvreduce lvs 
lvcreate lvmchange lvmetad lvremove lvscan 
lvdisplay lvmconf lvmsadc lvrename 
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11.3. example: using lvm 


This example shows how you can use a device (in this case /dev/sdc, but it could have been / 
dev/sdb or any other disk or partition) with lvm, how to create a volume group (vg) and how 
to create and use a logical volume (vg/lvol0). 


First thing to do, is create physical volumes that can join the volume group with pvcreate. 
This command makes a disk or partition available for use in Volume Groups. The screenshot 
shows how to present the SCSI Disk device to LVM. 


root@RHEL4:~# pvcreate /dev/sdc 
Physical volume "/dev/sdc" successfully created 


Note: lvm will work fine when using the complete device, but another operating system on the 
same computer (or on the same SAN) will not recognize lvm and will mark the block device 
as being empty! You can avoid this by creating a partition that spans the whole device, then 
run pvcreate on the partition instead of the disk. 


Then vgcreate creates a volume group using one device. Note that more devices could be 
added to the volume group. 


root@RHEL4:~# vgcreate vg /dev/sdc 
Volume group "vg" successfully created 


The last step Ivcreate creates a logical volume. 


root@RHEL4:~# lvcreate --size 500m vg 
Logical volume "lvol0" created 
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The logical volume /dev/vg/lvol0 can now be formatted with ext3, and mounted for normal 
use. 


root@RHELv4u2:~# mke2fs -m0 -j /dev/vg/lvol0 
mke2fs 1.35 (28-Feb-2004) 

Filesystem label= 

OS type: Linux 

Block size=1024 (log=0) 

Fragment size=1024 (log=0) 

128016 inodes, 512000 blocks 

QO blocks (0.00%) reserved for the super user 
First data block=1 

Maximum filesystem blocks=67633152 

63 block groups 

8192 blocks per group, 8192 fragments per group 
2032 inodes per group 

Superblock backups stored on blocks: 

Sos, 24577, 4096, S71345,, 13729, ZOA80ty, 220857 400409 


Writing inode tables: done 
Creating journal (8192 blocks): done 
Writing superblocks and filesystem accounting information: done 


This filesystem will be automatically checked every 37 mounts or 
180 days, whichever comes first. Use tune2fs -c or -i to override. 
root @RHELv4u2:~# mkdir /home/project10 

root @RHELv4u2:~# mount /dev/vg/lvol0 /home/project10/ 

root @RHELv4u2:~# df —-h | grep proj 

/dev/mapper/vg-lvol0 485M 11M 474M 3% /home/project10 


A logical volume is very similar to a partition, it can be formatted with a file system, and 
can be mounted so users can access it. 
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11.4. example: extend a logical volume 


A logical volume can be extended without unmounting the file system. Whether or not a 
volume can be extended depends on the file system it uses. Volumes that are mounted as 
vfat or ext2 cannot be extended, so in the example here we use the ext3 file system. 


The fdisk command shows us newly added scsi-disks that will serve our lvm volume. This 
volume will then be extended. First, take a look at these disks. 


[root@RHEL5 ~]# fdisk -1l | grep sd[bc] 

Disk /dev/sdb doesn't contain a valid partition table 
Disk /dev/sdc doesn't contain a valid partition table 
Disk /dev/sdb: 1181 MB, 1181115904 bytes 

Disk /dev/sdc: 429 MB, 429496320 bytes 


You already know how to partition a disk, below the first disk is partitioned (in one big 
primary partition), the second disk is left untouched. 


[root@RHEL5 ~]# fdisk -1l grep sd[bc] 

Disk /dev/sdc doesn't contain a valid partition table 

Disk /dev/sdb: 1181 MB, 1181115904 bytes 

/dev/sdb1 ilk 143 1148616 83 Linux 
Disk /dev/sdc: 429 MB, 429496320 bytes 


You also know how to prepare disks for lvm with pvcreate, and how to create a volume 
group with vgcreate. This example adds both the partitioned disk and the untouched disk 
to the volume group named vg2. 


[root@RHEL5 ~]# pvcreate /dev/sdbl 

Physical volume "/dev/sdb1" successfully created 
[root@RHEL5 ~]# pvcreate /dev/sdc 

Physical volume "/dev/sdc" successfully created 
[root@RHEL5 ~]# vgcreate vg2 /dev/sdb1 /dev/sdc 

Volume group "vg2" successfully created 


You can use pvdisplay to verify that both the disk and the partition belong to the volume 
group. 


[root@RHEL5 ~]# pvdisplay | grep -Bl vg2 


PV Name /dev/sdb1 
VG Name vg2 
PV Name /dev/sdc 
VG Name vg2 


And you are familiar both with the lvcreate command to create a small logical volume and 
the mke2fs command to put ext3 on it. 


[root@RHEL5 ~]# lvcreate --size 200m vg2 


Logical volume "lvol0" created 
[root@RHEL5 ~]# mke2fs -m20 -j /dev/vg2/1vol0 
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As you see, we end up with a mounted logical volume that according to df is almost 200 
megabyte in size. 


[root@RHEL5 ~]# mkdir /home/resizetest 
[root@RHEL5 ~]# mount /dev/vg2/lvol0 /home/resizetest/ 
[root@RHEL5 ~]# df —-h | grep resizetest 

194M 5.6M 149M % /home/resizetest 


Extending the volume is easy with Ivextend. 


[root@RHEL5 ~]# lvextend -L +100 /dev/vg2/lvol0 
Extending logical volume lvol0 to 300.00 MB 
Logical volume lvol0 successfully resized 


But as you can see, there is a small problem: it appears that df is not able to display the 
extended volume in its full size. This is because the filesystem is only set for the size of the 
volume before the extension was added. 


[root@RHEL5 ~]# df -h | grep resizetest 
194M 5.6M 149M % /home/resizetest 


With lvdisplay however we can see that the volume is indeed extended. 


[root@RHEL5 ~]# lvdisplay /dev/vg2/lvol0 | grep Size 
LV Size 300.00 MB 


To finish the extension, you need resize2fs to span the filesystem over the full size of the 
logical volume. 


[root@RHEL5 ~]# resize2fs /dev/vg2/lvol0 

resize2fs 1.39 (29-May-2006) 

Filesystem at /dev/vg2/lvol0 is mounted on /home/resizetest; on-line re\ 
sizing required 

Performing an on-line resize of /dev/vg2/lvol0 to 307200 (1k) blocks. 
The filesystem on /dev/vg2/lvol0 is now 307200 blocks long. 


Congratulations, you just successfully expanded a logical volume. 


[root@RHEL5 ~]# df -h | grep resizetest 
291M 6.1M 225M % /home/resizetest 
[root@RHEL5 ~]# 
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11.5. example: resize a physical Volume 


This is a humble demonstration of how to resize a physical Volume with lvm (after you 
resize it with fdisk). The demonstration starts with a 1|OOMB partition named /dev/sdel. We 
used fdisk to create it, and to verify the size. 


[root@RHEL5 ~]# fdisk -l1 2>/dev/null | grep sdel 
/dev/sdel if 100 102384 83 Linux 
[root@RHEL5 ~]# 


Now we can use pvcreate to create the Physical Volume, followed by pvs to verify the 
creation. 


[root@RHEL5 ~]# pvcreate /dev/sdel 

Physical volume "/dev/sdel" successfully created 
[root@RHEL5 ~]# pvs | grep sdel 

/dev/sdel on 99.98M 99.98M 
[root@RHEL5 ~]# 


The next step is to use fdisk to enlarge the partition (actually deleting it and then recreating / 
dev/sdel with more cylinders). 


[root@RHEL5 ~]# fdisk /dev/sde 
Command (m for help): p 


Disk /dev/sde: 858 MB, 858993152 bytes 
64 heads, 32 sectors/track, 819 cylinders 
Units = cylinders of 2048 * 512 = 1048576 bytes 


Device Boot Start End Blocks Id System 
/dev/sdel 1 100 102384 83 Linux 


Command (m for help): d 
Selected partition 1 


Command (m for help): n 
Command action 
e extended 
p primary partition (1-4) 
Pp 
Partition number (1-4): 
Value out of range. 
Partition number (1-4): 1 
First cylinder (1-819, default 1): 
Using default value 1 
Last cylinder or +size or +sizeM or +sizeK (1-819, default 819): 200 


Command (m for help): w 
The partition table has been altered! 


Calling ioctl() to re-read partition table. 


Syncing disks. 
[root@RHEL5 ~]# 
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When we now use fdisk and pvs to verify the size of the partition and the Physical Volume, 
then there is a size difference. LVM is still using the old size. 


[root@RHEL5 ~]# fdisk -1 2>/dev/null | grep sdel 


/dev/sdel af 200 204784 83 Linux 
[root@RHEL5 ~]# pvs | grep sdel 
/dev/sdel ian == 99.98M 99.98M 


[root@RHEL5 ~]# 


Executing pvresize on the Physical Volume will make lvm aware of the size change of the 
partition. The correct size can be displayed with pvs. 


[root@RHEL5 ~]# pvresize /dev/sdel 

Physical volume "/dev/sdel" changed 

1 physical volume(s) resized / 0 physical volume(s) 
[root@RHEL5 ~]# pvs | grep sdel 


/dev/sdel livin —— US, Stem IEW) Sheil 
[root@RHEL5 ~]# 


not resized 
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11.6. example: mirror a logical volume 


We start by creating three physical volumes for lvm. Then we verify the creation and the 
size with pvs. Three physical disks because lvm uses two disks for the mirror and a third 
disk for the mirror log! 


[root@RHEL5 ~]# pvcreate /dev/sdb /dev/sdc /dev/sdd 
Physical volume "/dev/sdb" successfully created 
Physical volume "/dev/sdc" successfully created 
Physical volume "/dev/sdd" successfully created 

[root@RHEL5 ~]# pvs 


PV VG Fmt Attr PSize PFree 

/dev/sdb Inn SS 409.60M 409.60M 
/dev/sdc ivnZ == 409.60M 409.60M 
/dev/sdd vn 409.60M 409.60M 


Then we create the Volume Group and verify again with pvs. Notice how the three physical 


volumes now belong to vg33, and how the size is rounded down (in steps of the extent size, 
here 4MB). 


[root@RHEL5 ~]# vgcreate vg33 /dev/sdb /dev/sdc /dev/sdd 
Volume group "vg33" successfully created 
[root@RHEL5 ~]# pvs 


PV VG Fmt Attr PSize PFree 
/dev/sda2 VolGroup00 lvm2 a- 15.88G 0) 
/dev/sdb Vis lvm2 a- 408.00M 408.00M 
/dev/sdc vg33 lvm2 a- 408.00M 408.00M 
/dev/sdd Vgs3s lvm2 a- 408.00M 408.00M 


[root@RHEL5 ~]# 


The last step is to create the Logical Volume with Ivcreate. Notice the -m 1 switch to create 
one mirror. Notice also the change in free space in all three Physical Volumes! 


[root@RHEL5 ~]# lvcreate size 300m -n lvmir -m 1 vg33 
Logical volume "lvmir" created 
[root@RHEL5 ~]# pvs 


PV VG Fmt Attr PSize PFree 
/dev/sda2 VolGroup00 lvm2 a- 15.88G @) 
/dev/sdb vg33 lvm2 a- 408.00M 108.00M 
/dev/sdc Vgss lvm2 a- 408.00M 108.00M 
/dev/sdd vg33 lvm2 a- 408.00M 404.00M 


You can see the copy status of the mirror with Ivs. It currently shows a 100 percent copy. 
[root@RHEL5 ~]# lvs vg33/lvmir 


LV VG INeicie LSize Origin Snap% Move Log Copy% 
lvmir vg33 mwi-ao 300.00M lvmir_mlog 100.00 
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11.7. example: snapshot a logical volume 


A snapshot is a virtual copy of all the data at a point in time on a volume. A snapshot Logical 
Volume will retain a copy of all changed files of the snapshotted Logical Volume. 


The example below creates a snapshot of the bigL V Logical Volume. 


[root@RHEL5 ~]# lvcreate —-L100M -s -n snapLV vg42/bigLV 
Logical volume "snapLV" created 
[root@RHEL5 ~]# 


You can see with Ivs that the snapshot snapLV is indeed a snapshot of bigL V. Moments 
after taking the snapshot, there are few changes to bigLV (0.02 percent). 


[root@RHEL5 ~]# lvs 


LV VG Attr LSize Origin Snaps Move Log Copy% 
bigLV vg42 owi-a- 200.00M 
snapLVv vg42 swi-a- 100.00M bigLV O02 


[root@RHEL5 ~]# 


But after using bigLV for a while, more changes are done. This means the snapshot volume 
has to keep more original data (10.22 percent). 


[root@RHEL5 ~]# lvs | grep vg42 

bigLV vg42 owi-ao 200.00M 

snapLVv vg42 swi-a- 100.00M bigLV LOR2Z2 
[root@RHEL5 ~]# 


You can now use regular backup tools (dump, tar, cpio, ...) to take a backup of the snapshot 
Logical Volume. This backup will contain all data as it existed on bigLV at the time the 
snapshot was taken. When the backup is done, you can remove the snapshot. 

[root@RHEL5 ~]# lvremove vg42/snapLV 

Do you really want to remove active logical volume "SnapLV"? [y/n]: y 


Logical volume "snapLV" successfully removed 
[root@RHEL5 ~]# 
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11.8. verifying existing physical volumes 


11.8.1. lvmdiskscan 


To get a list of block devices that can be used with LVM, use lvmdiskscan. The example 
below uses grep to limit the result to SCSI devices. 


[root@RHEL5 ~]# lvmdiskscan | grep sd 


/dev/sdal 
/dev/sda2 
/dev/sdb 
/dev/sdc 
/dev/sdd 
/dev/sdel 
/dev/sde5 
/dev/sdf 
/dev/sdgl 
[root@RHEL5 ~]# 


11.8.2. pvs 
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The easiest way to verify whether devices are known to lvm is with the pvs command. The 
screenshot below shows that only /dev/sda2 is currently known for use with LVM. It shows 
that /dev/sda2 is part of Volgroup00 and is almost 16GB in size. It also shows /dev/sdc and / 
dev/sdd as part of vg33. The device /dev/sdb is knwon to lvm, but not linked to any Volume 


Group. 

[root@RHEL5 ~]# pvs 
PV VG 
/dev/sda2 VolGroup00 
/dev/sdb 


/dev/sdc vg33 
/dev/sdd = _vg33 
[root@RHEL5 ~]# 


11.8.3. pvscan 


Fmt 

lvm2 
lvm2 
lvm2 
lvm2 


Attr PSize PFree 


a- 


L588 G 0 
409.60M 409.60M 
408.00M 408.00M 
408.00M 408.00M 


The pvscan command will scan all disks for existing Physical Volumes. The information is 
similar to pvs, plus you get a line with total sizes. 


[root@RHEL5 ~]# pvscan 


PV /dev/sdc VG vg33 
PV /dev/sdd VG vg33 


PV /dev/sda2 VG VolGroup00 


PV /dev/sdb 


Total: 4 [17.07 GB] / in use: 


[root@RHEL5 ~]# 


lvm2 [408.00 MB / 408.00 MB free] 
lvm2 [408.00 MB / 408.00 MB free] 
lvm2 [15.88 GB / 0 free] 

lvm2 [409.60 MB] 


3 [16.67 GB] / in no VG: 1 [409.60 MB] 
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11.8.4. pvdisplay 


Use pvdisplay to get more information about physical volumes. You can also use pvdisplay 
without an argument to display information about all physical (lvm) volumes. 


[root@RHEL5 ~]# pvdisplay /dev/sda2 
=—— Physical volume’ === 


PV Name /dev/sda2 

VG Name VolGroup00 

PV Size 15.90 GB / not usable 20.79 MB 
Allocatable yes (but full) 

PE Size (KByte) 32768 

Total PE 508 

Free PE 0 

Allocated PE 508 

PV UUID Toby fp-Ggg0-Rf8r-xtLd-5XgN-RSPc-8vkTHD 


[root@RHEL5 ~]# 
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11.9. verifying existing volume groups 
11.9.1. vgs 


Similar to pvs is the use of vgs to display a quick overview of all volume groups. There 
is only one volume group in the screenshot below, it is named VolGroup00 and is almost 
16GB in size. 


[root@RHEL5 ~]# vgs 
VG #PV #LV #SN Attr VSize VFree 
VolGroup00 il 2) O wz=—n—= Wo7ssG 0 
[root@RHEL5 ~]# 


11.9.2. vgscan 
The vgscan command will scan all disks for existing Volume Groups. It will also update the 
/etc/lvm/.cache file. This file contains a list of all current lvm devices. 
[root@RHEL5 ~]# vgscan 
Reading all physical volumes. This may take a while... 


Found volume group "VolGroup00" using metadata type lvm2 
[root@RHEL5 ~]# 


LVM will run the vgscan automatically at boot-up, so if you add hot swap devices, then you 
will need to run vgscan to update /etc/lvm/.cache with the new devices. 


11.9.3. vgdisplay 
The vgdisplay command will give you more detailed information about a volume group (or 
about all volume groups if you omit the argument). 


[root@RHEL5 ~]# vgdisplay VolGroup00 
=—— Volume: groups ——— 


VG Name VolGroup00 
System ID 

Format lvm2 

Metadata Areas 1 

Metadata Sequence No 3 

VG Access read/write 

VG Status resizable 

MAX LV 0 

(Guba TLW/ 2) 

Open LV 2 

Max PV 0 

Cur PV 1 

Act PV il 

VG Size 15.88 GB 

PE Size 32.00 MB 

Total PE 508 

Alloc PE / Size 508 / 15.88 GB 
Free PE / Size oO 7 © 

VG UUED qsXvJb-71qV-917U-ishxX-FobM-qptE-VxmKIg 


[root@RHEL5 ~]# 
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11.10. verifying existing logical volumes 
11.10.1. Ivs 


Use lvs for a quick look at all existing logical volumes. Below you can see two logical 
volumes named LogVol00 and LogVol01. 


[root@RHEL5 ~]# lvs 

LV VG Attr LSize Origin Snap% Move Log Copy% 
LogVol1l00 VolGroup00 -wi-ao 14.88G 

LogVol101 VolGroup00 -wi-ao 1.00G 

[root@RHEL5 ~]# 


11.10.2. Ivscan 


The Ivscan command will scan all disks for existing Logical Volumes. 


[root@RHEL5 ~]# lvscan 
ACTIVE "/dev/VolGroup00/LogVol00' [14.88 GB] inherit 
ACTIVE '/dev/VolGroup00/LogVol01' [1.00 GB] inherit 
[root@RHEL5 ~]# 


11.10.3. Ivdisplay 


More detailed information about logical volumes is available through the Ivdisplay(1) 
command. 


[root@RHEL5 ~]# lvdisplay VolGroup00/LogVol01 
=—— hogaicall wollumer=—— 


LV Name /dev/VolGroup00/LogVol101 
VG Name VolGroup00 

LV UUID RnTGK6—-xWsi-t530-ksJx-7cax-co5c-Al1K1Dp 
LV Write Access read/write 

LV Status available 

# open 1 

LV Size 1.00 GB 

Current LE 32) 

Segments ali 

Allocation inherit 

Read ahead sectors 0 

Block device 2532 1 


[root@RHEL5 ~]# 
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11.11. manage physical volumes 
11.11.1. pvcreate 


Use the pvcreate command to add devices to lvm. This example shows how to add a disk 
(or hardware RAID device) to lvm. 


[root@RHEL5 ~]# pvcreate /dev/sdb 


Physical volume "/dev/sdb" successfully created 
[root@RHEL5 ~]# 


This example shows how to add a partition to lvm. 


[root@RHEL5 ~]# pvcreate /dev/sdcl 


Physical volume "/dev/sdcl1" successfully created 
[root@RHEL5 ~]# 


You can also add multiple disks or partitions as target to pvcreate. This example adds three 
disks to lvm. 


[root@RHEL5 ~]# pvcreate /dev/sde /dev/sdf /dev/sdg 
Physical volume "/dev/sde" successfully created 
Physical volume "/dev/sdf" successfully created 
Physical volume "/dev/sdg" successfully created 

[root@RHEL5 ~]# 


11.11.2. pvremove 


Use the pvremove command to remove physical volumes from lvm. The devices may not 
be in use. 


[root@RHEL5 ~]# pvremove /dev/sde /dev/sdf /dev/sdg 
Labels on physical volume "/dev/sde" successfully wiped 
Labels on physical volume "/dev/sdf" successfully wiped 
Labels on physical volume "/dev/sdg" successfully wiped 
[root@RHEL5 ~]# 


2 


11.11.3. pvresize 


When you used fdisk to resize a partition on a disk, then you must use pvresize to make lvm 
recognize the new size of the physical volume that represents this partition. 


[root@RHEL5 ~]# pvresize /dev/sdel 
Physical volume "/dev/sdel" changed 
1 physical volume(s) resized / 0 physical volume(s) not resized 
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11.11.4. pvchange 


With pvchange you can prevent the allocation of a Physical Volume in a new Volume Group 
or Logical Volume. This can be useful if you plan to remove a Physical Volume. 


[root@RHEL5 ~]# pvchange -xn /dev/sdd 
Physical volume "/dev/sdd" changed 
1 physical volume changed / 0 physical volumes not changed 


[root@RHEL5 ~]# 


To revert your previous decision, this example shows you how te re-enable the Physical 
Volume to allow allocation. 


[root@RHEL5 ~]# pvchange -xy /dev/sdd 
Physical volume "/dev/sdd" changed 
1 physical volume changed / 0 physical volumes not changed 


[root@RHEL5 ~]# 


11.11.5. pymove 


With pvmove you can move Logical Volumes from within a Volume Group to another 
Physical Volume. This must be done before removing a Physical Volume. 


[root@RHEL5 ~]# pvs | grep vgl 
/dev/sdf vgl lvm2 a- 816.00M 0 
/dev/sdg vgl lvm2 a- 816.00M 816.00M 
[root@RHEL5 ~]# pvmove /dev/sdf 
/dev/sdf: Moved: 70.1% 
/dev/sdf: Moved: 100.0% 
[root@RHEL5 ~]# pvs | grep vgl 
/dev/sdf vgl lvm2 a- 816.00M 816.00M 
/dev/sdg vgl lvm2 a- 816.00M 0 
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11.12. manage volume groups 
11.12.1. vgcreate 


Use the vgcreate command to create a volume group. You can immediately name all the 
physical volumes that span the volume group. 


[root@RHEL5 ~]# vgcreate vg42 /dev/sde /dev/sdf 


Volume group "vg42" successfully created 
[root@RHEL5 ~]# 


11.12.2. vgextend 


Use the vgextend command to extend an existing volume group with a physical volume. 


[root@RHEL5 ~]# vgextend vg42 /dev/sdg 
Volume group "vg42" successfully extended 
[root@RHEL5 ~]# 


11.12.3. vgremove 
Use the vgremove command to remove volume groups from lvm. The volume groups may 
not be in use. 
[root@RHEL5 ~]# vgremove vg42 


Volume group "vg42" successfully removed 
[root@RHEL5 ~]# 


11.12.4. vgreduce 


Use the vgreduce command to remove a Physical Volume from the Volume Group. 


The following example adds Physical Volume /dev/sdg to the vg1 Volume Group using 
vgextend. And then removes it again using vgreduce. 


root@RHEL5 ~]# pvs | grep sdg 

/dev/sdg lvm2 -- 819.20M 819.20M 
root@RHEL5 ~]# vgextend vgl /dev/sdg 

Volume group "vgl" successfully extended 


root@RHEL5 ~]# pvs | grep sdg 

/dev/sdg vgl lvm2 a- 816.00M 816.00M 
root@RHEL5 ~]# vgreduce vgl /dev/sdg 

Removed "/dev/sdg" from volume group "vgl1" 


root@RHEL5 ~]# pvs | grep sdg 
/dev/sdg lvm2 -- 819.20M 819.20M 
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11.12.5. vgchange 


Use the vgchange command to change parameters of a Volume Group. 


This example shows how to prevent Physical Volumes from being added or removed to the 
Volume Group vg1. 


[root@RHEL5 ~]# vgchange -xn vgl 
Volume group "vgl" successfully changed 
[root@RHEL5 ~]# vgextend vgl /dev/sdg 
Volume group vgl is not resizable. 


You can also use vgchange to change most other properties of a Volume Group. This 
example changes the maximum number of Logical Volumes and maximum number of 
Physical Volumes that vg1 can serve. 


root@RHEL5 ~]# vgdisplay vgl | grep -i max 
MAX LV 0 

Max PV 0 

root@RHEL5 ~]# vgchange -116 vgl 

Volume group "vgl" successfully changed 
root@RHEL5 ~]# vgchange -p8 vgl 

Volume group "vgl" successfully changed 
root@RHEL5 ~]# vgdisplay vgl | grep -i max 
MAX LV 16 

Max PV 8 


11.12.6. vgmerge 
Merging two Volume Groups into one is done with vgmerge. The following example merges 
vg2 into vgl, keeping all the properties of vg1. 
[root@RHEL5 ~]# vgmerge vgl vg2 


Volume group "vg2" successfully merged into "vgl" 
[root@RHEL5 ~]# 


118 


logical volume management 


11.13. manage logical volumes 


11.13.1. lvcreate 


Use the Ivcreate command to create Logical Volumes in a Volume Group. This example 
creates an 8GB Logical Volume in Volume Group vg42. 


[root@RHEL5 ~]# lvcreate -L5G vg42 
Logical volume "lvol0" created 
[root@RHEL5 ~]# 


As you can see, lvm automatically names the Logical Volume Ivol0. The next example 
creates a 200MB Logical Volume named MyLV in Volume Group vg42. 


[root@RHEL5 ~]# lvcreate -L200M -nMyLV vg42 


Logical volume "MyLV" created 
[root@RHEL5 ~]# 


The next example does the same thing, but with different syntax. 


[root@RHEL5 ~]# lvcreate size 200M -n MyLV vg42 
Logical volume "MyLV" created 
[root@RHEL5 ~]# 


This example creates a Logical Volume that occupies 10 percent of the Volume Group. 


[root@RHEL5 ~]# lvcreate -1l 10%VG -n MyLV2 vg42 
Logical volume "MyLV2" created 
[root@RHEL5 ~]# 


This example creates a Logical Volume that occupies 30 percent of the remaining free space 
in the Volume Group. 


[root@RHEL5 ~]# lvcreate -1l 30%FREE -n MyLV3 vg42 
Logical volume "MyLV3" created 
[root@RHEL5 ~]# 


11.13.2. lvremove 


Use the lvremove command to remove Logical Volumes from a Volume Group. Removing 
a Logical Volume requires the name of the Volume Group. 


[root@RHEL5 ~]# lvremove vg42/MyLv 

Do you really want to remove active logical volume "MyLV"? [y/n]: y 
Logical volume "MyLV" successfully removed 

[root@RHEL5 ~]# 


Removing multiple Logical Volumes will request confirmation for each individual volume. 


[root@RHEL5 ~]# lvremove vg42/MyLV vg42/MyLV2 vg42/MyLV3 

Do you really want to remove active logical volume "MyLV"? [y/n]: y 
Logical volume "MyLV" successfully removed 
Do you really want to remove active logical volume "MyLV2"? [y/n]: y 
Logical volume "MyLV2" successfully removed 
Do you really want to remove active logical volume "MyLV3"? [y/n]: y 
Logical volume "MyLV3" successfully removed 

[root@RHEL5 ~]# 
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11.13.3. lvextend 


Extending the volume is easy with Ivextend. This example extends a 200MB Logical 
Volume with 100 MB. 


[root@RHEL5 ~]# lvdisplay /dev/vg2/lvol0 | grep Size 
LV Size 200.00 MB 

[root@RHEL5 ~]# lvextend -L +100 /dev/vg2/lvol0 
Extending logical volume lvol0 to 300.00 MB 
Logical volume lvol0 successfully resized 
[root@RHEL5 ~]# lvdisplay /dev/vg2/lvol0 | grep Size 
LV Size 300.00 MB 


The next example creates a 1|OOMB Logical Volume, and then extends it to SOOMB. 


[root@RHEL5 ~]# lvcreate size 100M -n extLV vg42 
Logical volume "extLV" created 

[root@RHEL5 ~]# lvextend -L 500M vg42/extLV 
Extending logical volume extLV to 500.00 MB 
Logical volume extLV successfully resized 
[root@RHEL5 ~]# 


This example doubles the size of a Logical Volume. 


[root@RHEL5 ~]# lvextend -1+100%LV vg42/extLVv 
Extending logical volume extLV to 1000.00 MB 
Logical volume extLV successfully resized 
[root@RHEL5 ~]# 


11.13.4. lvrename 
Renaming a Logical Volume is done with lvrename. This example renames extLV to bigLV 
in the vg42 Volume Group. 
[root@RHEL5 ~]# lvrename vg42/extLV vg42/bigLV 


Renamed "extLV" to "bigLV" in volume group "vg42" 
[root@RHEL5 ~]# 
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11.14. practice :lvm 


1. Create a volume group that contains a complete disk and a partition on another disk. 


2. Create two logical volumes (a small one and a bigger one) in this volumegroup. Format 
them wih ext3, mount them and copy some files to them. 


3. Verify usage with fdisk, mount, pvs, vgs, lvs, pvdisplay, vgdisplay, lvdisplay and df. Does 
fdisk give you any information about lvm? 


4. Enlarge the small logical volume by 50 percent, and verify your work! 
5. Take a look at other commands that start with vg* , pv* or lv*. 

6. Create a mirror and a striped Logical Volume. 

7. Convert a linear logical volume to a mirror. 

8. Convert a mirror logical volume to a linear. 


9. Create a snapshot of a Logical Volume, take a backup of the snapshot. Then delete some 
files on the Logical Volume, then restore your backup. 


10. Move your volume group to another disk (keep the Logical Volumes mounted). 


11. If time permits, split a Volume Group with vgsplit, then merge it again with vgmerge. 
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11.15. solution : lvm 


1. Create a volume group that contains a complete disk and a partition on another disk. 


step 1: select disks: 


root@rhel65:~# fdisk -1 | grep Disk 

Disk /dev/sda: 8589 MB, 8589934592 bytes 
Disk identifier: 0x00055ca0 

Disk /dev/sdb: 1073 MB, 1073741824 bytes 
Disk identifier: 0x00000000 

Disk /dev/sdc: 1073 MB, 1073741824 bytes 
Disk identifier: 0x00000000 


I choose /dev/sdb and /dev/sdc for now. 


step 2: partition /dev/sdc 


root@rhel65:~# fdisk /dev/sdc 

Device contains neither a valid DOS partition table, nor Sun, SGI or OSF disk\ 
label 

Building a new DOS disklabel with disk identifier 0x94c0e5d5. 

Changes will remain in memory only, until you decide to write them. 

After that, of course, the previous content won't be recoverable. 


Warning: invalid flag 0x0000 of partition table 4 will be corrected by w(rite) 


WARNING: DOS-compatible mode is deprecated. It's strongly recommended to 
switch off the mode (command 'c') and change display units to 
sectors (command 'u'). 


Command (m for help): n 
Command action 
e extended 
p primary partition (1-4) 
Pp 
Partition number (1-4): 1 
First cylinder (1-130, default 1): 
Using default value 1 
Last cylinder, t+tcylinders or +size{K,M,G} (1-130, default 130): 
Using default value 130 


Command (m for help): w 
The partition table has been altered! 


Calling ioctl() to re-read partition table. 
Syncing disks. 


step 3: pvcreate and vgcreate 


root@rhel65:~# pvcreate /dev/sdb /dev/sdc1 
Physical volume "/dev/sdb" successfully created 
Physical volume "/dev/sdcl1l" successfully created 

root@rhel65:~# vgcreate VG42 /dev/sdb /dev/sdcl1 
Volume group "VG42" successfully created 
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2. Create two logical volumes (a small one and a bigger one) in this volumegroup. Format 
them wih ext3, mount them and copy some files to them. 


root@rhel65:~# lvcreate --size 200m --name LVsmall vVG42 
Logical volume "LVsmall" created 

root@rhel65:~# lvcreate --size 600m --name LVbig VG42 

Logical volume "LVbig" created 

root@rhel65:~# 1s -1 /dev/mapper/VG42-LVsmall 

lrwxrwxrwx. 1 root root 7 Apr 20 20:41 /dev/mapper/VG42-LVsmall -> ../dm-2 
root@rhel65:~# 1s -1 /dev/VG42/LVsmall 

lrwxrwxrwx. 1 root root 7 Apr 20 20:41 /dev/VG42/LVsmall -> ../dm-2 
root@rhel65:~# ls -1 /dev/dm-2 

brw-rw----. 1 root disk 253, 2 Apr 20 20:41 /dev/dm-2 


root@rhel65:~# mkfs.ext3 /dev/mapper/VG42-LVsmall 
mke2fs 1.41.12 (17-May-2010) 
Filesystem label= 
OS type: Linux 
Block size=1024 (log=0) 
Fragment size=1024 (log=0) 
Stride=0 blocks, Stripe width=0 blocks 
51200 inodes, 204800 blocks 
10240 blocks (5.00%) reserved for the super user 
First data block=1 
Maximum filesystem blocks=67371008 
25 block groups 
8192 blocks per group, 8192 fragments per group 
2048 inodes per group 
Superblock backups stored on blocks: 
Soe 245 1 AO Sol oy S45) S29 


Writing inode tables: done 
Creating journal (4096 blocks): done 
Writing superblocks and filesystem accounting information: done 


This filesystem will be automatically checked every 39 mounts or 
180 days, whichever comes first. Use tune2fs -c or -i to override. 


root@rhel65:~# mkfs.ext3 /dev/VG42/LVbig 
mke2fs 1.41.12 (17-May-2010) 
Filesystem label= 
OS type: Linux 
Block size=4096 (log=2) 
Fragment size=4096 (log=2) 
Stride=0 blocks, Stripe width=0 blocks 
38400 inodes, 153600 blocks 
7680 blocks (5.00%) reserved for the super user 
First data block=0 
Maximum filesystem blocks=159383552 
5 block groups 
32768 blocks per group, 32768 fragments per group 
7680 inodes per group 
Superblock backups stored on blocks: 
32768, 98304 


Writing inode tables: done 
Creating journal (4096 blocks): done 


Writing superblocks and filesystem accounting information: done 


This filesystem will be automatically checked every 25 mounts or 
180 days, whichever comes first. Use tune2fs -c or -i to override. 
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The mounting and copying of files. 


root@rhel65:~# mkdir /srv/LVsmall 

root@rhel65:~# mkdir /srv/LVbig 

root@rhel65:~# mount /dev/mapper/VG42-LVsmall /srv/LVsmall 
root@rhel65:~# mount /dev/VG42/LVbig /srv/LVbig 
root@rhel65:~# cp -r /etc /srv/LVsmall/ 

root@rhel65:~# cp -r /var/log /srv/LVbig/ 


3. Verify usage with fdisk, mount, pvs, vgs, lvs, pvdisplay, vgdisplay, lvdisplay and df. Does 
fdisk give you any information about lvm? 


Run all those commands (only two are shown below), then answer 'no’. 


root@rhel65:~# df —h 
Filesystem Size Used Avail Use% Mounted on 
/dev/mapper/VolGroup-lv_root 

6.7G 1.4G 5.0G 21% / 
tmpfs 246M 0 246M 0% /dev/shm 
/dev/sdal 485M 77M 383M 17% /boot 
/dev/mapper/VG42-LVsmall 

194M 30M 154M 17% /srv/LVsmall 
/dev/mapper/VG42-LVbig 

591M 20M 541M 4% /srv/LVbig 
root@rhel65:~# mount | grep VG42 
/dev/mapper/VG42-LVsmall on /srv/LVsmall type ext3 (rw) 
/dev/mapper/VG42-LVbig on /srv/LVbig type ext3 (rw) 


4. Enlarge the small logical volume by 50 percent, and verify your work! 


root@rhel65:~# lvextend VG42/LVsmall -1+50%LV 
Extending logical volume LVsmall to 300.00 MiB 
Logical volume LVsmall successfully resized 
root@rhel65:~# resize2fs /dev/mapper/VG42-LVsmall 
resize2fs 1.41.12 (17-May-2010) 
Filesystem at /dev/mapper/VG42-LVsmall is mounted on /srv/LVsmall; on-line res\ 
izing required 
old desc_blocks = 1, new_desc_blocks = 2 
Performing an on-line resize of /dev/mapper/VG42-LVsmall to 307200 (1k) blocks. 
The filesystem on /dev/mapper/VG42-LVsmall is now 307200 blocks long. 


root@rhel65:~# df —-h | grep small 
/dev/mapper/VG42-LVsmall 

291M 31M 246M 12% /srv/LVsmall 
root@rhel65:~# 
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5. Take a look at other commands that start with vg* , pv* or lv*. 
6. Create a mirror and a striped Logical Volume. 

7. Convert a linear logical volume to a mirror. 

8. Convert a mirror logical volume to a linear. 


9. Create a snapshot of a Logical Volume, take a backup of the snapshot. Then delete some 
files on the Logical Volume, then restore your backup. 


10. Move your volume group to another disk (keep the Logical Volumes mounted). 


11. If time permits, split a Volume Group with vgsplit, then merge it again with vgmerge. 
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This chapter teaches you how to setup an iSCSI target server and an iSCSI initiator client. 
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12.1. iSCSI terminology 


iSCSI is a protocol that enables SCSI over IP. This means that you can have local SCSI 
devices (like /dev/sdb) without having the storage hardware in the local computer. 


The computer holding the physical storage hardware is called the iSCSI Target. Each 
individual addressable iSCSI device on the target server will get a LUN number. 


The iSCSI client computer that is connecting to the Target server is called an Initiator. An 
initiator will send SCSI commands over IP instead of directly to the hardware. The Initiator 
will connect to the Target. 


12.2. iSCSI Target in RHEL/CentOS 


This section will describe iSCSI Target setup on RHEL6, RHEL7 and CentOS. 


Start with installing the iSCSI Target package. 


yum install scsi-target-utils 


We configure three local disks in /ete/tgt/targets.conf to become three LUN's. 


<target igqn.2008-09.com.example:server.target2> 
direct-store /dev/sdb 
direct-store /dev/sdc 
direct-store /dev/sdd 
incominguser paul hunter2 
</target> 


Restart the service. 


[root@centos65 ~]# service tgtd start 
Starting SCSI target daemon: Ole || 


The standard local port for iSCSI Target is 3260, in case of doubt you can verify this with 
netstat. 


[root@serverl tgt]# netstat -ntpl | grep tgt 


eep 0 ONO OO 032160 OL 0K 002 * LISTEN 1670/tgtd 
tep 0 One S260) Pa eiael LISTEN 1670/tgtd 
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The tgt-admin -s command should now give you a nice overview of the three LUN's (and 
also LUN 0 for the controller). 


[root@serverl tgt]# tgt-admin -s 
Target 1: iqn.2014-04.be.linux-training:serverl.targetl 
System information: 
Driver: iscsi 
State: ready 
I_T nexus information: 
LUN information: 


LUN: 0 
Type: controller 
SIGSE EDR ALBA 00010000 


SCSI SN: beaf10 

Size: O MB, Block size: 1 
Online: Yes 

Removable media: No 
Prevent removal: No 
Readonly: No 

Backing store type: null 
Backing store path: None 
Backing store flags: 


LUN: 1 
Type: disk 
SYESIE IUD)G ANNIE 00010001 


SCsT SNe VEB9EZSI9 Jb-akoerboed 
Sizes L074 MB, (‘Bllock saze 52 
Online: Yes 

Removable media: No 

Prevent removal: No 

Readonly: No 

Backing store type: rdwr 
Backing store path: /dev/sdb 
Backing store flags: 


HUN: 2 
Type: disk 
SYES IL ADA ARIE 00010002 


SCSI SN: VB8£554351-a1410828 
Sizes O74 MB, Block sazer 512 
Online: Yes 

Removable media: No 

Prevent removal: No 

Readonly: No 

Backing store type: rdwr 
Backing store path: /dev/sdc 
Backing store flags: 


LUN: 3 
Type: disk 
SICSML JED)S ALIA AE 00010003 


SCSI SN: VB1035d2f0-7ae90b49 
Size: 1074 MB, Block size: 512 
Online: Yes 
Removable media: No 
Prevent removal: No 
Readonly: No 
Backing store type: rdwr 
Backing store path: /dev/sdd 
Backing store flags: 

Account information: 

ACL information: 

ALL 


128 


iSCSI devices 


12.3. iSCSI Initiator in RHEL/CentOS 


This section will describe iSCSI Initiator setup on RHEL6, RHEL7 and CentOS. 


Start with installing the iSCSI Initiator package. 


[root@server2 ~]# yum install iscsi-initiator-utils 


Then ask the iSCSI target server to send you the target names. 


[root@server2 ~]# iscsiadm -m discovery -t sendtargets -p 192.168.1.95:3260 
Starting iscsid: [Ol || 
OZ Weenie 5) 32 6071 acm. 7014-04 ben limux—tecaimingiCentosioo. tanger l 


We received iqn.2014-04.be.linux-training:centos65.target1. 


We use this iqn to configure the username and the password (paul and hunter2) that we set 
on the target server. 


[root@server2 iscsi]# iscsiadm -m node --targetname igqn.2014-04.be.linux-tra\ 
ining:centos65.targetl --portal "192.168.1.95:3260" --op=update --name node.\ 
session.auth.username --value=paul 

[root@server2 iscsi]# iscsiadm -m node --targetname igqn.2014-04.be.linux-tra\ 
TMELNcGi4CenikOsoombaaget ime ——pOimt olla OA Gerel ois SACOM op=updat name node.\ 
session.auth.password -—-value=hunter2 

[root@server2 iscsi]# iscsiadm -m node --targetname igqn.2014-04.be.linux-tra\ 
ining:centos65.targetl --portal "192.168.1.95:3260" --op=update --name node.\ 
session.auth.authmethod value=CHAP 


RHEL and CentOS will store these in /var/lib/iscsi/nodes/. 


[root@server2 iscsi]# grep auth /var/lib/iscsi/nodes/iqn.2014-04.be.linux-tr\ 
aining\:centos65.target1/192.168.1.95\,3260\,1/default 
node.session.auth.authmethod = CHAP 

node.session.auth.username = paul 

node.session.auth.password = hunter2 

node.conn[0].timeo.auth_timeout = 45 

[root@server2 iscsi]# 
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A restart of the iscsi service will add three new devices to our system. 


[root@server2 iscsi]# fdisk -l | grep Disk 
Disk /dev/sda: 42.9 GB, 42949672960 bytes 
Disk identifier: 0x0004f229 

Disk /dev/sdb: 1073 MB, 1073741824 bytes 
Disk identifier: 0x00000000 
Disk /dev/sdc: 1073 MB, 1073741824 bytes 
Disk identifier: 0x00000000 
Disk /dev/sdd: 1073 MB, 1073741824 bytes 
Disk identifier: 0x00000000 
Disk /dev/sde: 2147 MB, 2147483648 bytes 
Disk identifier: 0x00000000 
Disk /dev/sdf: 2147 MB, 2147483648 bytes 
Disk identifier: 0x00000000 
Disk /dev/sdg: 2147 MB, 2147483648 bytes 

Disk identifier: 0x00000000 

Disk /dev/mapper/VolGroup-lv_root: 41.4 GB, 41448112128 bytes 
Disk identifier: 0x00000000 

Disk /dev/mapper/VolGroup-lv_swap: 973 MB, 973078528 bytes 
Disk identifier: 0x00000000 

[root@server2 iscsi]# service iscsi restart 


Stopping iscsi: [ OK 
Starring sess: [ OK 
[root@server2 iscsi]# fdisk -1l | grep Disk 


Disk /dev/sda: 42.9 GB, 42949672960 bytes 
Disk identifier: 0x0004f229 

Disk /dev/sdb: 1073 MB, 1073741824 bytes 
Disk identifier: 0x00000000 
Disk /dev/sdc: 1073 MB, 1073741824 bytes 
Disk identifier: 0x00000000 
Disk /dev/sdd: 1073 MB, 1073741824 bytes 
Disk identifier: 0x00000000 
Disk /dev/sde: 2147 MB, 2147483648 bytes 
Disk identifier: 0x00000000 
Disk /dev/sdf: 2147 MB, 2147483648 bytes 
Disk identifier: 0x00000000 
Disk /dev/sdg: 2147 MB, 2147483648 bytes 

Disk identifier: 0x00000000 

Disk /dev/mapper/VolGroup-lv_root: 41.4 GB, 41448112128 bytes 
Disk identifier: 0x00000000 

Disk /dev/mapper/VolGroup-lv_swap: 973 MB, 973078528 bytes 
Disk identifier: 0x00000000 

Disk /dev/sdh: 1073 MB, 1073741824 bytes 

Disk identifier: 0x00000000 

Disk /dev/sdi: 1073 MB, 1073741824 bytes 

Disk identifier: 0x00000000 

Disk /dev/sdj: 1073 MB, 1073741824 bytes 

Disk identifier: 0x00000000 


You can verify iscsi status with: 


service iscsi status 
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12.4. iSCSI target on Debian 


Installing the software for the target server requires iscsitarget on Ubuntu and Debian, and 
an extra iscsitarget-dkms for the kernel modules only on Debian. 


root@debby6:~# aptitude install iscsitarget 

The following NEW packages will be installed: 
iscsitarget 

0 packages upgraded, 1 newly installed, 0 to remove and 0 not upgraded. 

Need to get 69.4 kB of archives. After unpacking 262 kB will be used. 

Get:1 http://ftp.belnet.be/debian/ squeeze/main iscsitarget i386 1.4.20.2-1\ 
[69.4 kB] 

Fetched 69.4 kB in Os (415 kB/s) 

Selecting previously deselected package iscsitarget. 

(Reading database ... 36441 files and directories currently installed.) 

Unpacking iscsitarget (from .../iscsitarget_1.4.20.2-1_i386.deb) 

Processing triggers for man-db 

Setting up iscsitarget (1.4.20.2-1) 

iscsitarget not enabled in "/etc/default/iscsitarget", not starting... (warning). 


On Debian 6 you will also need aptitude install iscsitarget-dkms for the kernel modules, 
on Debian 5 this is aptitude install iscsitarget-modules- uname -a’. Ubuntu includes the 
kernel modules in the main package. 


The iSCSI target server is disabled by default, so we enable it. 


root@debby6:~# cat /etc/default/iscsitarget 
ISCSITARGET_ENABLE=false 

root@debby6:~# vi /etc/default/iscsitarget 
root@debby6:~# cat /etc/default/iscsitarget 
ISCSITARGET_ENABLE=true 
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12.5. iSCSI target setup with dd files 


You can use LVM volumes (/dev/mdO/lvol0), physical partitions (/dev/sda) ,raid devices (/ 
dev/md0) or just plain files for storage. In this demo, we use files created with dd. 


This screenshot shows how to create three small files (LOOMB, 200MB and 300MB). 


root@debby6:~# mkdir /iscsi 

root@debby6:~# dd if=/dev/zero of=/iscsi/lunl.img bs=1M count=100 
100+0 records in 

100+0 records out 

104857600 bytes (105 MB) copied, 0.315825 s, 332 MB/s 
root@debby6:~# dd if=/dev/zero of=/iscsi/lun2.img bs=1M count=200 
200+0 records in 

200+0 records out 

209715200 bytes (210 MB) copied, 1.08342 s, 194 MB/s 
root@debby6:~# dd if=/dev/zero of=/iscsi/lun3.img bs=1M count=300 
300+0 records in 

300+0 records out 

314572800 bytes (315 MB) copied, 1.36209 s, 231 MB/s 


We need to declare these three files as iSCSI targets in /etc/iet/ietd.conf (used to be /etc/ 
ietd.conf). 


root@debby6:/etc/iet# cp ietd.conf ietd.conf.original 
root@debby6:/etc/iet# > ietd.conf 
root@debby6:/etc/iet# vi ietd.conf 
root@debby6:/etc/iet# cat ietd.conf 
Target iqn.2010-02.be.linux-training:storage.lunl 
IncomingUser isuser hunter2 

OutgoingUser 

Lun 0 Path=/iscsi/lunl.img, Type=fileio 

Alias LUN1 


Target iqn.2010-02.be.linux-training:storage.lun2 
IncomingUser isuser hunter2 

OutgoingUser 

Lun 0 Path=/iscsi/lun2.img, Type=fileio 

Alias LUN2 


Target iqn.2010-02.be.linux-training:storage.lun3 
IncomingUser isuser hunter2 

OutgoingUser 

Lun 0 Path=/iscsi/lun3.img, Type=fileio 

Alias LUN3 


We also need to add our devices to the /etc/initiators.allow file. 


root@debby6:/etc/iet# cp initiators.allow initiators.allow.original 
root@debby6:/etc/iet# >initiators.allow 

root@debby6:/etc/iet# vi initiators.allow 

root@debby6:/etc/iet# cat initiators.allow 
igqn.2010-02.be.linux-training:storage.lunl 
ign.2010-02.be.linux-training:storage.lun2 
ign.2010-02.be.linux-training:storage.lun3 
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Time to start the server now: 


root@debby6:/etc/iet# /etc/init.d/iscsitarget start 
Starting iSCSI enterprise target service:. 


root@debby6:/etc/iet# 


Verify activation of the storage devices in /proc/net/iet: 


root@debby6:/etc/iet# cat /proc/net/iet/volume 
tid:3 name:igqn.2010-02.be.linux-training: storage.lun3 
lun:0 state:0 iotype:fileio iomode:wt blocks:614400 blocksize:\ 
512 path:/iscsi/lun3.img 
tid:2 name:iqn.2010-02.be.linux-training:storage.lun2 
lun:0 state:0 iotype:fileio iomode:wt blocks:409600 blocksize:\ 
5ilZ patht/asesa/ lunZ same 
tid:1 name:iqn.2010-02.be.linux-training:storage.lunl 
lun:0 state:0 iotype:fileio iomode:wt blocks:204800 blocksize:\ 
512 path:/iscsi/lunl.img 
root@debby6:/etc/iet# cat /proc/net/iet/session 
tid:3 name:iqn.2010-02.be.linux-training:storage.1lun3 
tid:2 name:iqn.2010-02.be.linux-training:storage.lun2 
tid:1 name:iqn.2010-02.be.linux-training:storage.lunl 
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12.6. ISCSI initiator on ubuntu 


First we install the iSCSi client software (on another computer than the target). 


root@ubul104:~# aptitude install open-iscsi 

Reading package lists... Done 

Building dependency tree 

Reading state information... Done 

Reading extended state information 

Initializing package states... Done 

The following NEW packages will be installed: 
open-iscsi open-iscsi-utils{a} 


Then we set the iSCSI client to start automatically. 


root@ubul1104:/etc/iscsi# cp iscsid.conf iscsid.conf.original 
root@ubul1104:/etc/iscsi# vi iscsid.conf 
root@ubul104:/etc/iscsi# grep “node.startup iscsid.conf 
node.startup = automatic 


Or you could start it manually. 


root@ubu1104:/etc/iscsi/nodes# /etc/init.d/open-iscsi start 
* Starting iSCSI initiator service iscsid [ OK ] 
* Setting up iSCSI targets [OK] 
root@ubul1104:/etc/iscsi/nodes# 


Now we can connect to the Target server and use iscsiadm to discover the devices it offers: 


root@ubul104:/etc/iscsi# iscsiadm -m discovery -t st -p 192.168.1.31 
IL yee IUSiei5 ILA SLR SPANO); 1h skepal5 AOE) 0) aloveve Jbslinybh:<— ener. laliolaliave (His etonarcve(e\, lliebaw: 
Oya a iexsin IE SER SAMOS Il atrefal 5 -A(0)100) 10) slovers Ihakighb><— je 1a alioaLinvo (A Sjieenecleel Ibhalil 
19D 6G SIS A607 qn. 2010-07, bes amuse caning )isitOracge). mums 


We can use the same iscsiadm to edit the files in /etc/iscsi/nodes/. 


root@ubul1104:/etc/iscsi# iscsiadm -m nod targetname "iqn.2010-02.be.linu\ 
x-training:storage.lunl" --portal "192.168.1.31:3260" --op=update --name no\ 
de.session.auth.authmethod --value=CHAP 

root@ubu1104:/etc/iscsi# iscsiadm -m node --targetname "iqn.2010-02.be.linu\ 
x-training:storage.lunl" --portal "192.168.1.31:3260" --op=update --name no\ 
de.session.auth.username value=isuser 

root@ubul1104:/etc/iscsi# iscsiadm -m nod targetname "iqn.2010-02.be.linu\ 
x-training:storage.lunl" --portal "192.168.1.31:3260" --op=update --name no\ 


de.session.auth.password -—-value=hunter2 


Repeat the above for the other two devices. 
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Restart the initiator service to log in to the target. 


root@ubul104:/etc/iscsi/nodes# /etc/init.d/open-iscsi restart 
* Disconnecting iSCSI targets [ 
* Stopping iSCSI initiator service [ 
* Starting iSCSI initiator service iscsid [ 
* Setting up iSCSI targets 


Use fdisk -I to enjoy three new iSCSI devices. 


root @ubul104:/etc/iscsi/nodes# fdisk -1 2> /dev/null | grep Disk 
Disk /dev/sda: 17.2 GB, 17179869184 bytes 

Disk identifier: 0x0001983f 

Disk /dev/sdb: 209 MB, 209715200 bytes 

Disk identifier: 0x00000000 

Disk /dev/sdd: 314 MB, 314572800 bytes 

Disk identifier: 0x00000000 

Disk /dev/sdc: 104 MB, 104857600 bytes 

Disk identifier: 0x00000000 


The Target (the server) now shows active sessions. 


root@debby6:/etc/iet# cat /proc/net/iet/session 

tid:3 name:iqn.2010-02.be.linux-training:storage.lun3 
sid:5348024611832320 initiator:iqn.1993-08.org.debian:01:8983ed2d770 
cid:0 ip:192.168.1.35 state:active hd:none dd:none 

tid:2 name:iqn.2010-02.be.linux-training:storage.lun2 
sid:4785074624856576 initiator:igqn.1993-08.org.debian:01:8983ed2d770 
cid:0 ip:192.168.1.35 state:active hd:none dd:none 

tid:1 name:iqn.2010-02.be.linux-training:storage.lunl 
sid:5066549618344448 initiator:igqn.1993-08.org.debian:01:8983ed2d770 
cid:0 ip:192.168.1.35 state:active hd:none dd:none 

root@debby6:/etc/iet# 
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12.7. using iSCSI devices 


There is no difference between using SCSI or iSCSI devices once they are connected : 
partition, make filesystem, mount. 


root @ubul104:/etc/iscsi/nodes# history | tail -13 

94 fdisk /dev/sdc 

95 fdisk /dev/sdd 

96 fdisk /dev/sdb 

97 mke2fs /dev/sdbl 

98 mke2fs -j /dev/sdcl 

99 mkfs.ext4 /dev/sddl 

100 mkdir /mnt/isl 

101 mkdir /mnt/is2 

102 mkdir /mnt/is3 

103 mount /dev/sdb1 /mnt/is1 

104 mount /dev/sdcl /mnt/is2 

105 mount /dev/sdd1l /mnt/is3 

106 history | tail -13 
root@ubul104:/etc/iscsi/nodes# mount | grep is 
/dev/sdb1 on /mnt/isl type ext2 (rw) 
/dev/sdcl on /mnt/is2 type ext3 (rw) 
/dev/sddl on /mnt/is3 type ext4 (rw) 
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12.8. iSCSI Target RHEL7/CentOS7 


The prefered tool to setup an iSCSI Target on RHEL is targetcli. 


[root@centos7 ~]# yum install targetcli 
Loaded plugins: fastestmirror 


Installed: 
Gtapgercinenoarch (02. i tbe — sels, 


Complete! 
[root@centos7 ~]# 


The targetcli tool is interactive and represents the configuration fo the target in a structure 
that resembles a directory tree with several files. Although this is explorable inside targetcli 
with Is, ed and pwd, this are not files on the file system. 


This tool also has tab-completion, which is very handy for the iqn names. 


[root@centos7 ~]# targetcli 

targetcli shell version 2.1.f£b37 

Copyright 2011-2013 by Datera, Inc and others. 
For help on commands, type ‘help’. 


/> cd backstores/ 
/backstores> 1s 


O= BSCS EOP eS. yi o kere eaiceas ore elsere cin aia obec wie cag oe owen eee SiS eee a eee Leases 
le oleic “Ana po cc oon on OO RO oon non emo na oan cin Go aon oon dao Ss [Storage Objects: 0 
O= EUV S LO” ce ee sees dene aes aurea aad Ge Sew ee) ARS A ee dette, Sr dvea) Gene eeendd [Storage Objects: 0 
Om POSSI SES ee seees marie chie, eases ove men teem sten cearte ten euewoutme eanensacneucncme rane terenemeuem erase [Storage Objects: 0 
O=" AMG SNS tee tepenis rene eciet copientereloen se ones setter eigen eisnee elses suis eetie eneirertereisepeners [Storage Objects: 0 

/backstores> ed block 

/backstores/block> 1s 

Foy aid OM ool meer ay RE Ee PE ORE RE TREE oni ROR ORC CRO EET RO RO RCN Sere aE AE corer ONCE er Eee eS [Storage Objects: 0 


/backstores/block> create serverl.disk1 /dev/sdb 

Created block storage object serverl.diskl using /dev/sdb. 

/backstores/block> 1s 

O= "DILOCK. 4 shes ane Sere ee be aw week Ge eee eee A [Storage Objects: 1] 
O= Serverl.d tisk .chds ewe sws os eee [/dev/sdb (2.0GiB) write-thru deactivated] 

/backstores/block> ed /iscsi 

/iscsi> create iqn.2015-04.be.linux:iscsil 

Created target igqn.2015-04.be.linux:iscsil. 

Created TPG 1. 

Global pref auto_add_default_portal=true 

Created default portal listening on all IPs (0.0.0.0), port 3260. 

/iscsi> ed /iscsi/iqn.2015-04.be.linux:iscsil/tpg1/acls 

/iscsi/iqn.20...sil/tpgl/acls> create iqn.2015-04.be.linux:server2 

Created Node ACL for iqn.2015-04.be.linux:server2 

/iscsi/iqn.20...sil/tpgl/acls> cd iqn.2015-04.be.linux:server2 


/iscsi/iqn.20...linux:server2> set auth userid=paul 
Parameter userid is now 'paul'. 
/iscsi/iqn.20...linux:server2> set auth password=hunter2 


Parameter password is now 'hunter2'. 

/iscsi/iqn.20...linux:server2> ed /iscsi/iqn.2015-04.be.linux:iscsil/tpgi/luns 
/iscsi/iqn.20...sil/tpgl/luns> create /backstores/block/server1.disk1 

Created LUN 0. 

Created LUN O0->0 mapping in node ACL igqn.2015-04.be.linux:server2 
s/scsi/iqn.20...sil/tpgl/luns> cd /iscsi/iqn.2015-04 .be.linux:iscsil/tpg1/portals 
/iscsi/iqn.20.../tpgl/portals> create 192.168.1.128 

Using default IP port 3260 

Could not create NetworkPortal in configFS. 
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/iscsi/iqn.20.../tpgl/portals> ed / 


/> 1s 
OSE SL reat har fey Se Tes Sree iat a carte Sears PI lone ha rca atone OUTTA re tee RA NEMS er OS Es IR ae iad ot SR GS [ 

O= DECKSTONSs: < hz arcincelsece 3:4 HS gel Se ele ee Oe SS 8S AS selene Gee ee ee Oe ae See Liga 
= ROMO Ss) ei eecuente ren cate rotons ter emt ae aurea went ensue med ootutie eemenen ca er emeqtreieneuens [Storage Objects: 1 
| O= serverilsdtskl sn casswiess aes [/dev/sdb (2.0GiB) write-thru activated 
oe mai SaKoy Peseceeecee cen cere Eeaice ECE eO cere Oren ree coerce cence a: [Storage Objects: 0 
O= PSCSL. sere iscd. 4 aieisne Gosces dates sens wise Peele Se Sos aes ele Paeienes Barents [Storage Objects: 0 
(oh aetelin Wo lnbtss] eon nee cere ons -Ce-er anu ner eure carne carte OnCRCeE acc eee aa Cc Pee OTE EOC ORL [Storage Objects: 0 

es sea ecm cepa econ ee Se sis eee sin Sse wi etos ay Se as orien See sad ooo RES [Targets: 1 
= skein AOE SAN Sloyeva ilatiol bye taliyersill Sn anna rnc oOo ea aon oo e Aan oa ooo o [TPGs: 1 

O= PO. shake Parsi tee Fd Seas Ares Pate, Bee See ee [no-gen-acls, no-auth 

OO AO eee re he We Et ee Bae RO ee ele a ie ree ai eee ae ae [ACLs: 1 

| ©= ign. 2015=04 be. TinuxtSerEver2: is sas ecesee spe eeteiers) sce oe [Mapped LUNs: 1 

| (oj ankelo) o(arol alibi Aaa oe oo ae Onn on o6 [lunO block/serverl.diskl (rw) 
DN ge ice tep ree oe eSitw ps skh wd ee usage agitate ne OAS Le! Glogs Ooh CH GLa ae RU ae [LUNs: 1 

| Os GAO ae ees cave sorig euan hai Sie eon len ea a ava once [block/serverl.diskl (/dev/sdb) 

O= POT alss xcs tices dae See cielceese ese Sle can ereve feiow Bre shee ie eins eas ch ene eens ne cameos [Portals: 1 

Oo Opn OOP SZG0! nweaoononeonos Goo nn ono On One On Ooo ND OA Oo AOA EEA OT [OK 

O= DOOPHACK sis evs-chencee sede gay Gs Shane ey detent IS eA aie ee) eet ose ee nad aes ees [Targets: 0 


/> saveconfig 

Last 10 configs saved in /etc/target/backup. 
Configuration saved to /etc/target/saveconfig. json 
/> exit 

Global pref auto_save_on_exit=true 

Last 10 configs saved in /etc/target/backup. 
Configuration saved to /etc/target/saveconfig. json 
[root@centos7 ~]# 


Use the systemd tools to manage the service: 


[root@centos7 ~]# systemctl enable target 

ln -s '/usr/lib/systemd/system/target.service' '/etc/systemd/system/multi-user.target.wants/ta 
[root@centos7 ~]# systemctl start target 

[root@centos7 ~]# 


Depending on your organisations policy, you may need to configure firewall and SELinux. 
The screenshot belows adds a firewall rule to allow all traffic over port 3260, and disables 
SELinux. 


[root@centos7 ~]# firewall-cmd --permanent --add—-port=3260/tcp 
[root@centos7 ~]# firewall-cmd --reload 
[root@centos7 ~]# setenforce 0 


The total configuration is visible using Is from the root. 


[root@centos7 ~]# targetcli 

targetcli shell version 2.1.f£b37 

Copyright 2011-2013 by Datera, Inc and others. 
For help on commands, type ‘help’. 


/> 1s 
OS Lh Bes errs ioe distress aiay ican Sica cg de Sistas Pa eta sa ie Ss sa pw sats eevee gy Sin eeccnee Sevenns ateibe eire Sects ose [ 

O= BDAaCKSEOTES: s.4: Alen we-6w Fe OS Se Sa Se ae ee GR, Se ee GER Se Re, Bea Ra ee Waele ae eee 
O= DUO erevene e-mcSitee a eral dae arch wea eed atten is she Eats Eva ee eee ee arene [Storage Objects: 1 
| O= SERVER CESK coeus 6. ove dhene orerd exe eee [/dev/sdb (2.0GiB) write-thru activated 
O=* MAST) Seco erep rience tects tow oisaris ier oi cerie se erremertetissepse isyselaey euler es teriotie Server erietcsertehees [Storage Objects: 0 
oy SISOS aa er aeecce Cane Dei a Co eee eeo ceo chee Reminen ceca cen enced oe [Storage Objects: 0 
O= BamMaGWsk. oid. be sisnd susie: do teases die ceid Mee ewav a Sareea ate eee vane. emi engines Sateen [Storage Objects: 0 

CO] ESCSE Bene OUd Ree Oe REA eRe oe OW Rd lee Oe oe Be ae eae ae [Targets: 1 
O= ManeZO L504 bens amuses Csi Le cee ceptors esi erie canes vier ereneris) steps) erie averse tegeueeics eis [TPGs: 1 

Ciba nann aan ecar nec odn Aen noo eran eo ole aan s-6 [no-gen-acls, no-auth 
C= BCLS: 4 2 cise 6 Ore h Sed grt erg eerie Soi, 2k Sites: See eceoe ee Ge anes Sea [ACLs: 1 
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| | C=" Mee QOMS OA as iin B GED Ga kascun codes sucuass [Mapped LUNs: 1] 
| | O= mapped lun) ~ siege desns, ceeereneeiei eer [lunO block/serverl.diskl (rw) ] 
| Sm AMNUTA Se seep orcerctaccetew cute setscroriel aaleurst route rslrautely outoe’e ce tisksctrel ny euistastroet tls rctaererreerey euisw en orts -ometianscteelekas [LUNs: 1] 
| | Fos alraraO llerrens tex cuegey tes a coe eyeeres ora ster cere aeeys [block/serverl.diskl (/dev/sdb) ] 
| DS OO Te aES A yeecae te rorens teen smectic ca saeneoniees sopewtue seen separ nuewont sen chee tne rae rea a esi [Portals: 1] 
| O=" OOO Oi SAGO! elsvare cunnle eo eneeac cennavares siemens een eeeceser ened Sue mao ee aut evens [OK] 
ok lovey a) oer ein yeaa cen Dees OO Eee ea Com tO OO ee OOO Cae eo cer OIE OO pp coed OOS [Targets: 0] 

es 

/> exit 


Global pref auto_save_on_exit=true 

Last 10 configs saved in /etc/target/backup. 
Configuration saved to /etc/target/saveconfig. json 
[root@centos7 ~]# 


The iSCSI Target is now ready. 


12.9. iSCSI Initiator RHEL7/CentOS7 


This is identical to the RHEL6/CentOS6 procedure: 
[root@centos7 ~]# yum install iscsi-initiator-utils 
Loaded plugins: fastestmirror 
Installed: 

HSCS — inal plat Ore —Uiblal Sse Omo4e OPO. OlGu S49 .elky 


Dependency Installed: 
USecsi-initiakrer-ues lUs=i1scsiuvo.xs6264 O:6.2.076/3-—=29 e177 


Complete! 


Map your initiator name to the targetecli acl. 


[root@centos7 ~]# cat /etc/iscsi/initiatorname.iscsi 
InitiatorName=ign.2015-04.be.linux:server2 
[root@centos7 ~]# 


Enter the CHAP authentication in /etc/iscsi/iscsid.conf. 
[root@centos7 ~]# vi /etc/iscsi/iscsid.conf 


[root@centos7 ~]# grep “node.session.auth /etc/iscsi/iscsid.conf 
node.session.auth.authmethod = CHAP 

node.session.auth.username = paul 

node.session.auth.password = hunter2 

[root@centos7 ~]# 


There are no extra devices yet... 


[root@centos7 ~]# fdisk -1 | grep sd 

Disk /dev/sda: 22.0 GB, 22038806528 bytes, 43044544 sectors 
/dev/sdal * 2048 1026047 512000 83 Linux 
/dev/sda2 1026048 43042815 21008384 8e Linux LVM 
Disk /dev/sdb: 2147 MB, 2147483648 bytes, 4194304 sectors 


Enable the service and discover the target. 


[root@centos7 ~]# systemctl enable iscsid 

ln -s '/usr/lib/systemd/system/iscsid.service' '/etc/systemd/system/multi-user.target.wants/is 
[root@centos7 ~]# iscsiadm -m discovery -t st -p 192.168.1.128 

192.168.1.12833260,1 agqn. 2015-04 be. linux:isesil 
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Log into the target and see /dev/sdc appear. 


[root@centos7 ~]# iscsiadm -m node -T iqn.2015-04.be.linux:iscsil -p 192.168.1.128 -1 

Logging in to [iface: default, target: iqn.2015-04.be.linux:iscsil, portal: 192.168.1.128,3260 
Login to [iface: default, target: iqn.2015-04.be.linux:iscsil, portal: 192.168.1.128,3260] suc 
[root@centos7 ~]# 

[root@centos7 ~]# fdisk -1 | grep sd 

Disk /dev/sda: 22.0 GB, 22038806528 bytes, 43044544 sectors 

/dev/sdal * 2048 1026047 512000 83 Linux 

/dev/sda2 1026048 43042815 21008384 8e Linux LVM 

Disk /dev/sdb: 2147 MB, 2147483648 bytes, 4194304 sectors 

Disk /dev/sdc: 2147 MB, 2147483648 bytes, 4194304 sectors 

[root@centos7 ~]# 
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12.10. practice: iSCSI devices 


1. Set up a target (using an LVM and a SCSI device) and an initiator that connects to both. 


2. Set up an iSCSI Target and Initiator on two CentOS7/RHEL7 computers with the 
following information: 


Table 12.1. iSCSI Target and Initiator practice 


| variable value 
Target Server IP 
shared devices on target /dev/sd /dev/sd /dev/sd 


shared device name sd 


shared device name sd 


shared device name sd 


target iqn 


initiator iqn 


[username 


| password 
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12.11. solution: iSCSI devices 


1. Set up a target (using an LVM and a SCSI device) and an initiator that connects to both. 
This solution was done on Debian/ubuntu/Mint. For RHEL/CentOS check the theory. 


Decide (with a partner) on a computer to be the Target and another computer to be the 
Initiator. 


On the Target computer: 


First install iscsitarget using the standard tools for installing software in your distribution. 
Then use your knowledge from the previous chapter to setup a logical volume (/dev/vg/ 
lvol0) and use the RAID chapter to setup /dev/md0. Then perform the following step: 


vi /etc/default/iscsitarget (set enable to true) 


Add your devices to /etc/iet/ietf.conf 


root@debby6:/etc/iet# cat ietd.conf 
Target iqn.2010-02.be.linux-training:storage.lunl 
IncomingUser isuser hunter2 

OutgoingUser 

Lun 0 Path=/dev/vg/1lvol0,Type=fileio 

Alias LUN1 
Target iqn.2010-02.be.linux-training:storage.lun2 
IncomingUser isuser hunter2 

OutgoingUser 

Lun 0 Path=/dev/md0, Type=fileio 

Alias LUN2 


Add both devices to /etc/iet/initiators.allow 


root@debby6:/etc/iet# cat initiators.allow 
ign.2010-02.be.linux-training:storage.lunl 
ign.2010-02.be.linux-training:storage.lun2 


Now start the iscsitarget daemon and move over to the Initiator. 

On the Initiator computer: 

Install open-iscsi and start the daemon. 

Then use iscsiadm -m discovery -t st -p 'target-ip' to see the iscsi devices on the Target. 


Edit the files /etc/iscsi/nodes/ as shown in the book. Then restart the iSCSI daemon and 
rund fdisk -I to see the iSCSI devices. 
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2. Set up an iSCSI Target and Initiator on two CentOS7/RHEL7 computers with the 
following information: 


Table 12.2. iSCSI Target and Initiator practice 


variable value 

Target Server IP 192.168.1.143 (Adjust for your subnet!) 
shared devices on target /dev/sdb /dev/sdc /dev/sdd 

shared device name sdb target.disk1 

shared device name sdc target.disk2 

shared device name sdd target.disk3 

target iqn iqn.2015-04.be.linux:target 

initiator iqn iqn.2015-04.be.linux:initiator 

username paul 

password hunter2 


On the iSCSI Target server: 


[root@centos7 ~]# targetcli 

targetcli shell version 2.1.f£b37 

Copyright 2011-2013 by Datera, Inc and others. 
For help on commands, type ‘help’. 


/> cd /backstores/block 

/backstores/block> 1s 

Om OU O SE 12.8 dig: bedilerge dois ie wen G oe mugs Weert eee wae A ee wea Bek ea) F eoate Seow [Storage Objects: 0] 
/backstores/block> create target.disk1 /dev/sdb 

Created block storage object target.diskl using /dev/sdb. 

/backstores/block> create target.disk2 /dev/sdc 

Created block storage object target.disk2 using /dev/sdc. 

/backstores/block> create target.disk3 /dev/sdd 

Created block storage object target.disk3 using /dev/sdd. 

/backstores/block> 1s 


O= BU OG aiuta ig, ole wert wicca teeth: St: ate Gr leciee Gigs Shue: oR ated: Geese Bowie Ss ee [Storage Objects: 3] 
O= HALGet Gish). 4.6 sgn eae bht eevee [/dev/sdb (8.0GiB) write-thru deactivated] 
O=targeteGisk?) cs sean die ea suersnereue Rees [/dev/sdc (8.0GiB) write-thru deactivated] 
Or Panmget adilskS: susyetecusraisnesensnsheae teases [/dev/sdd (8.0GiB) write-thru deactivated] 


/backstores/block> ed /iscsi 

/iscsi> create iqn.2015-04.be.linux:target 

Created target igqn.2015-04.be.linux:target. 

Created TPG 1. 

Global pref auto_add_default_portal=true 

Created default portal listening on all IPs (0.0.0.0), port 3260. 

/iscsi> ed /iscsi/iqn.2015-04.be.linux:target/tpg1/acls 
/iscsi/iqn.20...get/tpgl/acls> create iqn.2015-04.be.linux:initiator 
Created Node ACL for iqn.2015-04.be.linux:initiator 
/iscsi/iqn.20...get/tpgl/acls> ed iqn.2015-04.be.linux:initiator 
/iscsi/iqn.20...nux:initiator> pwd 
/iscsi/igqn.2015-04.be.linux:target/tpgl/acls/igqn.2015—-04 .be.linux:initiator 
/iscsi/iqn.20...nux:initiator> set auth userid=paul 

Parameter userid is now 'paul'. 

/iscsi/iqn.20...nux:initiator> set auth password=hunter2 

Parameter password is now ‘'hunter2'. 

/iscsi/iqn.20...nux:initiator> ed /iscsi/iqn.2015-04.be.linux:target/tpg1/ 
/iscsi/iqn.20...x:target/tpgl> 1s 


O= WO GL. soe vensieceteicers Seve ctocel epsiss Seneerie case ce seen ie as oterre vier elael seas eerie er emeneresens [no-gen-acls, no-auth] 
OO TS give teva Dees ace ea wR a Sh BERL BOR Ae Rw aL A Se GURL EOR aves, Bag aa ee fACus: 1] 
| O= ign.#2015-04 be. dainuxctntelator sos dc ddiese ee) pene eet eres dense = [Mapped LUNs: 0] 
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OS TNS ak ere a moe eR ae a GOR he de ROR Recast Bea ae ROR: Ble eB a a ce a wh a wh ce [LUNs: 0] 
@= POL AUS! wc i Ses Svewereverers, Sec esd enero en eds eer eels eehieree'el eicerigy one Sule tens) Soeeeae cameron [Portals: 1] 
OF OPO OOPS 6 Ole rer arrer cece retia secersreatuicivenictonieeta cues apie aaiserctnes Cec curate meas ayetisl oe cesaurute se sachetepre pene [OK] 


/iscsi/iqn.20...x:target/tpg1l> ed luns 
/iscsi/iqn.20...get/tpgl/luns> create /backstores/block/target .disk1 
Created LUN 0. 
Created LUN 0->0 mapping in node ACL ign.2015-04.be.linux:initiator 
/iscsi/iqn.20...get/tpgl/luns> create /backstores/block/target .disk2 
Created LUN 1. 
Created LUN 1->1 mapping in node ACL ign.2015-04.be.linux:initiator 
/iscsi/iqn.20...get/tpgl/luns> create /backstores/block/target .disk3 
Created LUN 2. 
Created LUN 2->2 mapping in node ACL ign.2015-04.be.linux:initiator 
s/scsi/iqn.20...get/tpgl/luns> cd /iscsi/iqn.2015-04 .be.linux:target/tpg1/portals 
/iscsi/iqn.20.../tpgl/portals> create 192.168.1.143 

Using default IP port 3260 

Could not create NetworkPortal in configFS. 

/iscsi/igqn.20.../tpgl/portals> ed / 


/> 1s 
Oa Al se thre E eat ha ss Powe ays scten ciroia bes ok ee oe le septt fon eter tesa orrasea Ns ces Pale ay rec fot eI a ores Hah tnd to ein aera Un esionenentens [ 

O= DACKSEOTES: 24-4406 haa eae eh ee ee ore ek ee eee a ae Wee ee Ba ae ee ae ee 
O= MOG: tteecerieerencced eevee ensay eee erie ue teremortetin seinen sl wi eciet unerioie erenenat elseren ers [Storage Objects: 3 
| Ox Mbargetediiskil) A.sucasctuee seonetuaterne [/dev/sdb (8.0GiB) write-thru activated 
| O= taBget Guise 2 Aysiecs ue cess veacueeueionas [/dev/sdce (8.0GiB) write-thru activated 
| O= “tWanget <GUSKS! *qeas hake ere eee [/dev/sdd (8.0GiB) write-thru activated 
O= PE TSU OY cecedesseecan sree ereusfopess eaeceweiqevieceieh etisten arsed avllecte vanes a: easuertshsisens)ene [Storage Objects: 0 
= (SSCS Ramapo oono ron na cn oo con ao oo eae nnn obo ma acta cao e [Storage Objects: 0 
O= PaMGWsk 2.5 sereisie sre gatas: Getler tens me Age dade: Be ee eee A eee [Storage Objects: 0 

OE ISIS uy le aes ne tah ve OB mle OR UR RR age RAR me ae ea alae ale arch Meee tein eon [Targets: 1 
O= gn .sZOl5—04 ben imuses target  cxenshe serecew assy cer emerere er ereretsiveren erste een eerep ere eure Peco al 

C= ejele le em t.et oe conn Geo che fen cael a Dc Cato! pemicntl -cos-8- o-oo [no-gen-acls, no-auth 

SS ge Ga we leenie Sh ee Ga pi ne wn ec Su swilig ea alter au wetprne asa cee ence Men Bah Maine Glace ae a ee [ACLs: 1 

(oF aio fats OILS) 1041 loys) all akinlbp.ce abiglil gals yon Ay em a aecrorona eo conto oc [Mapped LUNs: 3 

O= Mapped lun 2 saswsecneevie, es ecd wears ree es [lunO block/target.diskl (rw) 

fo ieyolclaxolwikibia a one on Aono aon ooo oo [lunl block/target.disk2 (rw) 

O= mapped lun2) oa estes snes eee [lun2 block/target.disk3 (rw) 

= TIS) ewe whee Sw Rk ee eee ee RR RE ea A a ee We a weak @ ae [LUNs+: 3 

©= “MunO) xvesied des eracd sess ees oerer basen aes eee Se ace [block/target.disk1l (/dev/sdb) 

Om MAIN \pasveethaneusndeauevdascatstenetaueteutya davareaeueueuseets [block/target.disk2 (/dev/sdc) 

Oa AAT, ai catvenrsiAiveitesaneyie tenia scenes insu swaualualsaivenieuteetacees [block/target.disk3 (/dev/sdd) 

{oy Ole ah tore VILE SEA aaa ee OU oR re eae eee See ce CeCe eer SORE ONCE eee aaa Nee RONG ICTS [Portals: 1 

O= OO OOS ZOO ese ececestoy decay eitercen spouse re ve ecteen econiec oes ectecenepey dace, Ses mone rieus ose (Saeerepsbes [OK 

lors dhcyoje) eel nna oe an oo co no eae rn pin ald Ae ce Reco Oma men ancora OAS [Targets: 0 
/> exit 


Global pref auto_save_on_exit=true 

Last 10 configs saved in /etc/target/backup. 
Configuration saved to /etc/target/saveconfig. json 
[root@centos7 ~]# systemctl enable target 


ln -s '/usr/lib/systemd/system/target.service' '/etc/systemd/system/multi-user.target.wants/ta 
[root@centos7 ~]# systemctl start target 
[root@centos7 ~]# setenforce 0 


On the Initiator: 


[root@centos7 ~]# cat /etc/iscsi/initiatorname.iscsi 
InitiatorName=igqn.2015-04.be.linux:initiator 

[root@centos7 ~]# vi /etc/iscsi/iscsid.conf 

[root@centos7 ~]# grep “node.session.au /etc/iscsi/iscsid.conf 


node.session.auth.authmethod = CHAP 
node.session.auth.username = paul 

node.session.auth.password = hunter2 

[root@centos7 ~]# fdisk -l1 2>/dev/null | grep sd 

Disk /dev/sda: 22.0 GB, 22038806528 bytes, 43044544 sectors 
/dev/sdal * 2048 1026047 512000 83 Linux 
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/dev/sda2 1026048 43042815 21008384 8e Linux LVM 
Disk /dev/sdb: 8589 MB, 8589934592 bytes, 16777216 sectors 
/dev/sdb1 2048 821247 409600 83 Linux 
/dev/sdb2 821248 1640447 409600 83 Linux 
/dev/sdb3 1640448 2459647 409600 83 Linux 


Disk /dev/sdc: 8589 MB, 8589934592 bytes, 16777216 sectors 

Disk /dev/sdd: 8589 MB, 8589934592 bytes, 16777216 sectors 

Disk /dev/sde: 2147 MB, 2147483648 bytes, 4194304 sectors 

Disk /dev/sdf: 2147 MB, 2147483648 bytes, 4194304 sectors 

[root@centos7 ~]# systemctl enable iscsid 

in -s '/usr/lib/systemd/system/iscsid.service' '/etc/systemd/system/multi-user.target.wants/is 
[root@centos7 ~]# iscsiadm -m node -T iqn.2015-04.be.linux:target -p 192.168.1.143 -1 

Logging in to [iface: default, target: igqn.2015-04.be.linux:target, portal: 192.168.1.143, 3260 
Login to [iface: default, target: iqn.2015-04.be.linux:target, portal: 192.168.1.143,3260] suc 


[root@centos7 ~]# fdisk -l1 2>/dev/null | grep sd 
Disk /dev/sda: 22.0 GB, 22038806528 bytes, 43044544 sectors 


/dev/sdal * 2048 1026047 512000 83 Linux 
/dev/sda2 1026048 43042815 21008384 8e Linux LVM 
Disk /dev/sdb: 8589 MB, 8589934592 bytes, 16777216 sectors 
/dev/sdb1 2048 821247 409600 83 Linux 
/dev/sdb2 821248 1640447 409600 83 Linux 
/dev/sdb3 1640448 2459647 409600 83 Linux 


Disk /dev/sdc: 8589 MB, 8589934592 bytes, 16777216 sectors 
Disk /dev/sdd: 8589 MB, 8589934592 bytes, 16777216 sectors 
Disk /dev/sde: 2147 MB, 2147483648 bytes, 4194304 sectors 
Disk /dev/sdf: 2147 MB, 2147483648 bytes, 4194304 sectors 
Disk /dev/sdg: 8589 MB, 8589934592 bytes, 16777216 sectors 
Disk /dev/sdh: 8589 MB, 8589934592 bytes, 16777216 sectors 
Disk /dev/sdi: 8589 MB, 8589934592 bytes, 16777216 sectors 
[root@centos7 ~]# 
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13.1. install multipath 


RHEL and CentOS need the device-mapper-multipath package. 


yum install device-mapper-multipath 


This will create a sample multipath.conf in /usr/share/doc/device-mapper- 
multipath-0.4.9/multipath.conf. 


There is no /etc/multipath.conf until you initialize it with mpathconf. 


[root@server2 ~]# mpathconf --enable --with_multipathd y 

Starting multipathd daemon: [le || 
[root@server2 ~]# we -l /etc/multipath.conf 

99 /etc/multipath.conf 


13.2. configure multipath 


You can now choose to either edit /etc/multipath.conf or use mpathconf to change this 
file for you. 


root@server2 ~]# grep user_friendly_names /etc/multipath.conf 
user_friendly_names yes 
# user_friendly_names yes 
root@server2 ~]# mpathconf --enable --user_friendly_names n 
root@server2 ~]# grep user_friendly_names /etc/multipath.conf 
user_friendly_names no 

# user_friendly_names yes 
root@server2 ~]# mpathconf --enable --user_friendly_names y 
root@server2 ~]# grep user_friendly_names /etc/multipath.conf 
user_friendly_names yes 

# user_friendly_names yes 
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13.3. network 


This example uses three networks, make sure the iSCSI Target is connected to all three 
networks. 


[root@serverl tgt]# ifconfig | grep —B 192. 68 
eth1 Link encap:Ethernet HWaddr 08:00:27:4E:AB:8E 
imet addn: 1927 lee. 98! Beasts 192 068.1. 255° Masks255 255). 255..0 


eth2 Link encap:Ethernet HWaddr 08:00:27:3F:A9:D1 
Inet. addul G2 ose ve Beast: MOZ U6en 2.2 bo. Maches2 5525525 5).0 


eth3 Link encap:Ethernet HWaddr 08:00:27:94:52:26 
imet addr: I92068.3.98 Beasts 922168532255 Masks255.255. 255.10 


The same must be true for the multipath Initiator: 


[root@server2 ~]# ifconfig grep -Bl 192.168 
ethl Link encap:Ethernet HWaddr 08:00:27:A1:43:41 
Met eaddmel IZ eo er. SOM eB Caste lhI2e Ge. .k. bo Masi? 55.2552 55).10 


eth2 Link encap:Ethernet HWaddr 08:00:27:12:A8:70 
inveie elelehes ile OG eo Ve) BCEEEILOZ USS owe eos WEISIKAAS 5 255.5 ADs 50) 


eth3 Link encap:Ethernet HWaddr 08:00:27:6E:99:9B 
Met acddmaO2e OS no. oo eB Casita: lOO MOe S125, eiMacien2 5512552 5510) 


Test the triple discovery in three networks (screenshot newer than above). 


[root@centos7 ~]# iscsiadm -m discovery -t st -p 192.168.1.150 
192.168.1.15033260,1 19qn.2015-04 be. linux:targetl 
[root@centos7 ~]# iscsiadm -m discovery -t st -p 192.168.2.150 
192.168.2.150:3260,1 1qn.2015—04 be. lJinux:targetl 
[root@centos7 ~]# iscsiadm -m discovery -t st -p 192.168.3.150 
192.168 .3-150:3260,1 1qn.2015—04 be. linux:targetl 


13.4. start multipathd and iscsi 


Time to start (or restart) both the multipathd and iscsi services: 


[root@server2 ~]# service multipathd restart 

Stopping multipathd daemon: ee 
Starting multipathd daemon: [ OK J] 
[root@server2 ~]# service iscsi restart 

Stopping iscsi: Lf le | 
Starting a@sesi: L OK] 
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This shows fdisk output when leaving the default friendly_names option to yes. The bottom 
three are the multipath devices to use. 


[root@server2 ~]# fdisk -1 | grep Disk 
Disk /dev/sda: 42.9 GB, 42949672960 bytes 
Disk identifier: 0x0004f229 

Disk /dev/sdb: 1073 MB, 1073741824 bytes 
Disk identifier: 0x00000000 
Disk /dev/sdc: 1073 MB, 1073741824 bytes 
Disk identifier: 0x00000000 
Disk /dev/sdd: 1073 MB, 1073741824 bytes 
Disk identifier: 0x00000000 
Disk /dev/sde: 2147 MB, 2147483648 bytes 
Disk identifier: 0x00000000 
Disk /dev/sdf: 2147 MB, 2147483648 bytes 
Disk identifier: 0x00000000 
Disk /dev/sdg: 2147 MB, 2147483648 bytes 

Disk identifier: 0x00000000 

Disk /dev/mapper/VolGroup-lv_root: 41.4 GB, 41448112128 bytes 
Disk identifier: 0x00000000 

Disk /dev/mapper/VolGroup-lv_swap: 973 MB, 973078528 bytes 
Disk identifier: 0x00000000 

Disk /dev/sdh: 1073 MB, 1073741824 bytes 

Disk identifier: 0x00000000 
Disk /dev/sdi: 1073 MB, 1073741824 bytes 
Disk identifier: 0x00000000 
Disk /dev/sdj: 1073 MB, 1073741824 bytes 
Disk identifier: 0x00000000 
Disk /dev/sdl: 1073 MB, 1073741824 bytes 
Disk identifier: 0x00000000 
Disk /dev/sdn: 1073 MB, 1073741824 bytes 
Disk identifier: 0x00000000 
Disk /dev/sdk: 1073 MB, 1073741824 bytes 
Disk identifier: 0x00000000 
Disk /dev/sdm: 1073 MB, 1073741824 bytes 
Disk identifier: 0x00000000 
Disk /dev/sdp: 1073 MB, 1073741824 bytes 
Disk identifier: 0x00000000 
Disk /dev/sdo: 1073 MB, 1073741824 bytes 

Disk identifier: 0x00000000 

Disk /dev/mapper/mpathh: 1073 MB, 1073741824 bytes 
Disk identifier: 0x00000000 

Disk /dev/mapper/mpathi: 1073 MB, 1073741824 bytes 
Disk identifier: 0x00000000 

Disk /dev/mapper/mpathj: 1073 MB, 1073741824 bytes 
Disk identifier: 0x00000000 

[root@server2 ~]# 
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13.5. multipath list 


You can list the multipath connections and devices with multipath -ll. 


root@server2 ~]# multipath -11 

mpathj (1IET 00010001) dm-4 Reddy, VBOX HARDDISK 

size=1.0G features='0' hwhandler='0' wp=rw 

-+- policy='round-robin 0' prio=1 status=active 

~“—- 13:0:0:1 sdh 8:112 active ready running 

-+- policy='round-robin 0' prio=1 status=enabled 
~“- 12:0:0:1 sdi 8:128 active ready running 

~-+-— policy='round-robin 0' prio=1 status=enabled 

~“- 14:0:0:1 sdm 8:192 active ready running 

mpathi (1IET 00010003) dm-3 Reddy, VBOX HARDDISK 
size=1.0G features='0' hwhandler='0' wp=rw 

|-+- policy='round-robin 0' prio=1 status=active 

| ~- 13:0:0:3 sdk 8:160 active ready running 

|-+- policy='round-robin 0' prio=1 status=enabled 

| ~- 12:0:0:3 sdn 8:208 active ready running 

~-+-— policy='round-robin 0' prio=1 status=enabled 

~“—- 14:0:0:3 sdp 8:240 active ready running 

mpathh (1IET 00010002) dm-2 Reddy, VBOX HARDDISK 
size=1.0G features='0' hwhandler='0' wp=rw 

-+- policy='round-robin 0' prio=1 status=active 

~“- 12:0:0:2 sdl 8:176 active ready running 

-+-— policy='round-robin 0' prio=1l status=enabled 
~“- 13:0:0:2 sdj 8:144 active ready running 

~-+-— policy='round-robin 0' prio=1 status=enabled 
~“- 14:0:0:2 sdo 8:224 active ready running 

root@server2 ~]# 


The IET (iSCSI Enterprise Target) ID should match the ones you see on the Target server. 


[root@serverl ~]# tgt-admin -s | grep -e LUN IET -e dev 
LUN information: 
LUN: 0 
SCSI ID: IET 00010000 
LUN: 1 
SCSI Dy LET 00010001 
Backing store path: /dev/sdb 
LUN: 2 
SCSig iD LET 00010002 
Backing store path: /dev/sdc 
LUN: 3 
SCSip yD) Et 00010003 


Backing store path: /dev/sdd 
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13.6. using the device 


The rest is standard mkfs, mkdir, mount: 


[root@server2 ~]# mkfs.ext4 /dev/mapper/mpathi 
mke2fs 1.41.12 (17-May-2010) 
Filesystem label= 
OS type: Linux 
Block size=4096 (log=2) 
Fragment size=4096 (log=2) 
Stride=0 blocks, Stripe width=0 blocks 
65536 inodes, 262144 blocks 
13107 blocks (5.00%) reserved for the super user 
First data block=0 
Maximum filesystem blocks=268435456 
8 block groups 
32768 blocks per group, 32768 fragments per group 
8192 inodes per group 
Superblock backups stored on blocks: 
32768, 98304, o3840, 229376 


Writing inode tables: done 
Creating journal (8192 blocks): done 
Writing superblocks and filesystem accounting information: done 


This filesystem will be automatically checked every 38 mounts or 
180 days, whichever comes first. Use tune2fs -c or -i to override. 
[root@server2 ~]# mkdir /srv/multipath 

[root@server2 ~]# mount /dev/mapper/mpathi /srv/multipath/ 
[root@server2 ~]# df -h /srv/multipath/ 

Filesystem Size Used Avail Use% Mounted on 
/dev/mapper/mpathi 1008M 34M 924M 4% /srv/multipath 
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13.7. practice: multipathing 


1. Find a partner and decide who will be iSCSI Target and who will be iSCSI Initiator and 
Multipather. Set up Multipath as we did in the theory. 


2. Uncomment the big ‘defaults’ section in /etc/multipath.conf and disable friendly names. 
Verify that multipath can work. You may need to check the manual for /lib/dev/scsi_id and 


for multipath.conf. 
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13.8. solution: multipathing 


1. Find a partner and decide who will be iSCSI Target and who will be iSCSI Initiator and 
Multipather. Set up Multipath as we did in the theory. 


Look in the theory... 


2. Uncomment the big ‘defaults’ section in /etc/multipath.conf and disable friendly names. 
Verify that multipath can work. You may need to check the manual for /lib/dev/scsi_id and 


for multipath.conf. 


vi multipath.conf 


remove # for the big defaults section 
add # for the very small one with friendly_names active 


add th replace-whitespace option to scsi_id. 
defaults { 
udev_dir /dev 
polling_interval 100) 
path_selector Vround=robane 10" 
path_grouping_policy multibus 
getuid_callout "/lib/udev/scsi_id --whitelisted --replace\ 
-whitespace --device=/dev/%n" 
johane) const 
path_checker readsector0 
Eromin 16 100 
max_fds LOZ 
rr_weight priorities 
failback immediate 
no_path_retry fail 
user_friendly_names no 


The names now (after service restart) look like: 


root@server2 etc]# multipath -1l 
1IET_00010001 dm-8 Reddy, VBOX HARDDISK 
size=1.0G features='0' hwhandler='0' wp=rw 
~-+- policy='round-robin 0' prio=1 status=active 
|- 17:0:0:1 sdh 8:112 active ready running 
|- 16:0:0:1 sdi 8:128 active ready running 
~“- 15:0:0:1 sdn 8:208 active ready running 
1IET_00010003 dm-10 Reddy, VBOX HARDDISK 
size=1.0G features='0' hwhandler='0' wp=rw 
~-+- policy='round-robin 0' prio=1 status=active 
|- 17:0:0:3 sdl 8:176 active ready running 
|- 16:0:0:3 sdm 8:192 active ready running 
~“- 15:0:0:3 sdp 8:240 active ready running 
1IET_00010002 dm-9 Reddy, VBOX HARDDISK 
size=1.0G features='0' hwhandler='0' wp=rw 
~-+- policy='round-robin 0' prio=1 status=active 
|- 17:0:0:2 sdj 8:144 active ready running 
|- 16:0:0:2 sdk 8:160 active ready running 
~“- 15:0:0:2 sdo 8:224 active ready running 
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Did you blacklist your own devices ? 


vi multipath.conf 
--> search for blacklist: 
add 

devnode "“sd[a-g]" 
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Chapter 14. bootloader 


This chapter briefly discusses the boot sequence of an (Intel 32-bit or 64-bit) Linux 
computer. 


Systems booting with lilo are rare nowadays, so this section is brief. 


The most common bootloader on Linux systems today is grub, yet this is not a Linux project. 
Distributions like FreeBSD and Solaris also use grub. 


Likewise, grub is not limited to Intel architecture. It can also load kernels on PowerPC. 


Note that grub, while still the default in Debian, is slowly being replaced in most 
distributions with grub2. 
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14.1. boot terminology 


The exact order of things that happen when starting a computer system, depends on the 
hardware architecture (Intel x86 is different from Sun Sparc etc), on the boot loader (grub 
is different from lilo) and on the operating system (Linux, Solaris, BSD etc). Most of this 
chapter is focused on booting Linux on Intel x86 with grub. 


14.1.1. post 


A computer starts booting the moment you turn on the power (no kidding). This first process 
is called post or power on self test. If all goes well then this leads to the bios. If all goes 
not so well, then you might hear nothing, or hear beeping, or see an error message on the 
screen, or maybe see smoke coming out of the computer (burning hardware smells bad!). 


14.1.2. bios 


All Intel x86 computers will have a basic input/output system or bios to detect, identify 
and initialize hardware. The bios then goes looking for a boot device. This can be a floppy, 
hard disk, cdrom, network card or usb drive. 


During the bios you can see a message on the screen telling you which key (often Del or 
F2) to press to enter the bios setup. 


Advanced Security Power Boot Exit 


Item Specific Help 
(fG):06 :55] 


System Date: [06/01/2009] 

<Tab>, <Shift-Tab>. or 
Legacy Diskette A: [1.44/1.25 MB 3%") | <Enter> selects field. 
Legacy Diskette B: [Disabled] 


> Primary Master [None] 
> Primary Slave [None] 
> Secondary Master (UMuare Virtual ID] 
> Secondary Slave [None] 


> Keyboard Features 


System Memory: 640 KB 
Extended Memory: 261120 KB 
Boot-time Diagnostic Screen: [Disabled] 


-/+ 
Enter 
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14.1.3. openboot 


Sun sparc systems start with openboot to test the hardware and to boot the operating system. 
Bill Callkins explains openboot in his Solaris System Administration books. The details of 
openboot are not the focus of this course. 


14.1.4. boot password 
The bios allows you to set a password. Do not forget this password, or you will have to 


open up the hardware to reset it. You can sometimes set a password to boot the system, and 
another password to protect the bios from being modified. 


14.1.5. boot device 


The bios will look for a boot device in the order configured in the bios setup. Usually an 
operating system on a production server boots of a hard disk. 


+Removable Devices 


aie 
Enter 
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14.1.6. master boot record 


The master boot record or mbr is the first sector of a hard disk. The partitioning of a disk 
in primary partitions, and the active partition are defined in the mbr. 
The mbr is 512 bytes long and can be copied with dd. 


dd if=/dev/sda of=bootsect.mbr count=1 bs=512 
14.1.7. bootloader 


The mbr is executed by the bios and contains either (a small) bootloader or code to load 
a bootloader. 


Looking at the mbr with od can reveal information about the bootloader. 


paul@laika:~$ sudo dd if=/dev/sda count=1 bs=16 skip=24 2>/dev/null|od -c 
0000000 376 G R ul B \0 G S fe) m \O H a i d 
0000020 


There are a variety of bootloaders available, most common on Intel architecture is grub, 
which is replacing lilo in many places. When installing Linux on sparc architecture, you 
can choose silo, Itanium systems can use elilo, IBM S/390 and zSeries use z/IPL, Alpha 
uses milo and PowerPC architectures use yaboot (yet another boot loader). 


Bootable cd's and dvd's often use syslinux. 
14.1.8. kernel 


The goal of all this is to load an operating system, or rather the kernel of an operating system. 
A typical bootloader like grub will copy a kernel from hard disk to memory, and will then 
hand control of the computer to the kernel (execute the kernel). 


Once the Linux kernel is loaded, the bootloader turns control over to it. From that moment 
on, the kernel is in control of the system. After discussing bootloaders, we continue with the 
init system that starts all the daemons. 
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14.2. grub 
14.2.1. /boot/grub/grub.cfg 


Debian switched to grub2, which will be discussed in the next section. The main boot menu 
configuration file for grub2 is grub.cfg. 


root@debian7:~# ls -1l /boot/grub/grub.cfg 
=e eb i moots Loot 245o May Sails 2200/loot/igrul/igtuln cio 
root@debian7:~# 


14.2.2. /boot/grub/grub.conf 


Distributions like Red Hat Enterprise Linux 6 use grub.conf and provide a symbolic link 
from /boot/grub/menu.|st and from /etc/grub.conf to this file. 


[root@centos65 ~]# 1s -1 /boot/grub/menu.1lst 

lrwxrwxrwx. 1 root root 11 Mar 7 11:53 /boot/grub/menu.lst -> ./grub.conf 
[root@centos65 ~]# 1s -1 /boot/grub/grub.conf 

1 ——————— Tl rook soot 1 e89eMay 5 1247 y/ boot, guub/cgrubmcont 
[root@centos65 ~]# 


The file currently (RHEL 6.5) looks like this: 


[root@centos65 ~]# more /boot/grub/grub.conf 

# grub.conf generated by anaconda 

# 

# Note that you do not have to rerun grub after making changes to this file 
# NOTICE: You have a /boot partition. This means that 


# all kernel and initrd paths are relative to /boot/, eg. 

# root (hd0,0) 

# kernel /vmlinuz-version ro root=/dev/mapper/VolGroup-lv_root 
# initrd /initrd-[generic—]version.img 

#boot=/dev/sda 

default=0 


timeout=5 
splashimage=(hd0, 0) /grub/splash.xpm.gz 
hiddenmenu 
title CentOS (2.6.32-431.11.2.e16.x86_64) 

root, (ndd,,\0) 

kernel /vmlinuz—-2.6.32-431.11.2.e16.x86_64 ro root=/dev/mapper/VolGr\ 
oup-lv_root rd_NO_LUKS LANG=en_US.UTF-8 rd_NO_MD rd_LVM_LV=VolGroup/lv_swap \ 
SYSFONT=latarcyrheb-sunl6 crashkernel=auto rd_LVM_LV=VolGroup/lv_root KEYBO\ 
ARDTYPE=pc KEYTABLE=us rd_NO_DM rhgb quiet 

initrd /initramfs-2.6.32-431.11.2.e16.x86_64.img 
title CentOS (2.6.32-431.e16.x86_64) 

root. (hdd, 0) 

kernel /vmlinuz—-2.6.32-431.e16.x86_64 ro root=/dev/mapper/VolGroup-1\ 
v_root rd_NO_LUKS LANG=en_US.UTF-8 rd_NO_MD rd_LVM_LV=VolGroup/lv_swap SYSFO\ 
NT=latarcyrheb-sunl6 crashkernel=auto rd_LVM_LV=VolGroup/lv_root KEYBOARDTY\ 
PE=pc KEYTABLE=us rd_NO_DM rhgb quiet 

initrd /initramfs—2.6.32-431.e16.x86_64.img 
[root@centos65 ~]# 
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14.2.3. menu commands 
The menu commands must be at the top of grub's configuration file. 
default 
The default command sets a default entry to start. The first entry has number 0. 
default=0 
Each entry or stanza starts with a title directive. 


fallback 


In case the default does not boot, use the fallback entry instead. 


fallback=1 
timeout 


The timeout will wait a number of seconds before booting the default entry. 


timeout=5 
hiddenmenu 


The hiddenmenu will hide the grub menu unless the user presses Esc before the timeout 
expires. 


hiddenmenu 
title 


With title we can start a new entry or stanza. 


title CentOS (2.6.32-431.11.2.e16.x86_64) 
password 


You can add a password to prevent interactive selection of a boot environment while grub 
is running. 

password --md5 $1SEc.id/$T2C2ahI/EG3WRRsmmu/HN/ 

Use the grub interactive shell to create the password hash. 

grub> md5crypt 


Pals Swouaclcns 20% mk tek % 
Encrypted: $1$Ec.id/$T2C2ahI/EG3WRRsmmu/HN/ 
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14.2.4. stanza commands 


Every operating system or kernel that you want to boot with grub will have a stanza aka 
an entry of a couple of lines. Listed here are some of the common stanza commands. 


boot 


Technically the boot command is only mandatory when running the grub command line. 
This command does not have any parameters and can only be set as the last command of 
a stanza. 


boot 
kernel 


The kernel command points to the location of the kernel. To boot Linux this means booting 
a gzip compressed zImage or bzip2 compressed bzImage. 


This screenshot shows a kernel command used to load a Debian kernel. 

kernel /boot/vmlinuz-2.6.17-2-686 root=/dev/hdal ro 

And this is how RHEL 5 uses the kernel command. 

kernel /vmlinuz-2.6.18-128.e15 ro root=/dev/VolGroup00/LogVol00 rhgb quiet 


All parameters in the kernel line can be read by the kernel itself or by any other program 
(which are started later) by reading /proc/cmdline 


initrd 


Many Linux installations will need an initial ramdisk at boot time. This can be set in grub 
with the initrd command. 


Here a screenshot of Debian 4.0 

initrd /boot/initrd.img-2.6.17-2-686 
And the same for Red Hat Enterprise Linux 5 
initrd /initrd-2.6.18-128.e15.img 


root 
The root command accepts the root device as a parameter. 


The root command will point to the hard disk and partition to use, with hd0 as the first 
hard disk device and hd1 as the second hard disk device. The same numbering is used for 
partitions, so hd0,0 is the first partition on the first disk and hd0,1 is the second partition 
on that disk. 


root. (1d0,.0)) 
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savedefault 


The savedefault command can be used together with default saved as a menu command. 
This combination will set the currently booted stanza as the next default stanza to boot. 


default saved 
timeout 10 


title Linux 
root (hdd, 0) 
kernel /boot/vmlinuz 
savedefault 


title DOS 

root. (hdd, 1) 
makeactive 
chainloader +1 
savedefault 


14.2.5. chainloading 


With grub booting, there are two choices: loading an operating system or chainloading 
another bootloader. The chainloading feature of grub loads the bootsector of a partition 
(that contains an operating system). 


Some older operating systems require a primary partition that is set as active. Only one 
partition can be set active so grub can do this on the fly just before chainloading. 


This screenshot shows how to set the first primary partition active with grub. 


root (hd0,0) 
makeactive 


Chainloading refers to grub loading another operating system's bootloader. The chainloader 
switch receives one option: the number of sectors to read and boot. For DOS and OS/2 one 
sector is enough. Note that DOS requires the boot/root partition to be active! 


Here is a complete example to chainload an old operating system. 
title MS-DOS 6.22 
root (nd, 1) 


makeactive 
chainloader +1 
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14.2.6. simple stanza examples 


This is a screenshot of a Debian 4 stanza. 


title Debian GNU/Linux, kernel 2.6.17-2-686 

root (hd0, 0) 

kernel /boot/vmlinuz-2.6.17-2-686 root=/dev/hdal ro 
skigabiesetel —-//ofeyojies// alata wierol 5 signs —& © 5 I =P — ON 


Here a screenshot of a Red Hat Enterprise Linux 5 stanza. 


title Red Hat Enterprise Linux Server (2.6.18-128.e15) 

root (hd0,;0) 

kernel /vmlinuz-2.6.18-98.e15 ro root=/dev/VolGroup00/LogVol00 rhgb quiet 
abialaeieietol / alialsieictol 2) (6) 5 dite} Cts) sous) sali to 


14.2.7. editing grub at boot time 


At boot time, when the grub menu is displayed, you can type e to edit the current stanza. 
This enables you to add parameters to the kernel. 


One such parameter, useful when you lost the root password, is single. This will boot the 
kernel in single user mode (although some distributions will still require you to type the 
root password. 


kernel /boot/vmlinuz-2.6.17-2-686 root=/dev/hdal ro single 


Another option to reset a root password is to use an init=/bin/bash parameter. 


kernel /boot/vmlinuz-2.6.17-2-686 root=/dev/hdal ro init=/bin/bash 


Note that some distributions will disable this option at kernel compile time. 
14.2.8. installing grub 


Run the grub-install command to install grub. The command requires a destination for 
overwriting the boot sector or mbr. 


# grub-install /dev/hda 


You will rarely have to do this manually, since grub is installed when installing the operating 
system and does not need any re-install when changing configuration (as is the case for lilo). 
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14.3. grub2 
14.3.1. grub 2.0 ? 


The main configuration file is now /boot/grub/grub.cfg. And while this file may look 
familiar, one should never edit this file directly (because it is generated!). 


root@debian7:~# ls -1l /boot/grub/grub.cfg 

=p eb i moots root 245s) Maye ls ivi 22 soot /grul/igtulnc fo 
root@debian7:~# head -3 /boot/grub/grub.cfg 

# 

# DO NOT EDIT THIS FILE 

# 


14.3.2. /etc/grub.d/40_custom 


The /etc/grub.d/40_custom file can be changed to include custom entries. These entries are 
automatically added to grub. 


root@debian7:~# ls -l1 /etc/grub.d/40_custom 
-rwxr-xr-x 1 root root 214 Jul 3 2013 /etc/grub.d/40_custom 
root@debian7:~# cat /etc/grub.d/40_custom 


#!/bin/sh 

exec tall =n +3) 5/0 

# This file provides an easy way to add custom menu entries. Simply type the 
# menu entries you want to add after this comment. Be careful not to change 


# the 'exec tail' line above. 


14.3.3. /etc/default/grub 


The new configuration file for changing grub is now /etc/default/grub. 


root@debian7:~# head /etc/default/grub 

# If you change this file, run 'update-grub' afterwards to update 
# /boot/grub/grub.cfg. 

# For full documentation of the options in this file, see: 

# info -f£f grub -n 'Simple configuration' 


GRUB_DEFAULT=0 

GRUB_TIMEOUT=5 

GRUB_DISTRIBUTOR="1sb_release -i -s 2> /dev/null || echo Debian* 
GRUB_CMDLINE_LINUX_DEFAULT="quiet" 
GRUB_CMDLINE_LINUX="debian-installer=en_US" 


14.3.4. update-grub 


Whenever the /etc/default/grub file is changed, you will need to run update-grub to apply 
the changes. 


root@debian7:~# vi /etc/default/grub 
root@debian7:~# update-grub 

Generating grub.cfg 

Found linux image: /boot/vmlinuz-3.2.0-4-amd64 
Found initrd image: /boot/initrd.img-3.2.0-4-amd64 
done 
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14.4. lilo 


14.4.1. Linux loader 


lilo used to be the most used Linux bootloader, but is steadily being replaced with grub and 
recently grub2. 


14.4.2. lilo.conf 


Here is an example of a lilo.conf file. The delay switch receives a number in tenths of a 
second. So the delay below is three seconds, not thirty! 


boot = /dev/hda 
delay = 30 


image = /boot/vmlinuz 
root = /dev/hdal 
label = Red Hat 5.2 


image = /boot/vmlinuz 
root = /dev/hda2 
label = S.U.S.E. 8.0 


other = /dev/hda4 
table = /dev/hda 
label = MS-DOS 6.22 


The configration file shows three example stanzas. The first one boots Red Hat from the first 
partition on the first disk (hdal). The second stanza boots Suse 8.0 from the next partition. 
The last one loads MS-DOS. 
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14.5. practice: bootloader 


0. Find out whether your system is using lilo, grub or grub2. Only do the practices that are 
appropriate for your system. 


1. Make a copy of the kernel, initrd and System.map files in /boot. Put the copies also in / 
boot but replace 2.x or 3.x with 4.0 (just imagine that Linux 4.0 is out.). 


2. Add a stanza in grub for the 4.0 files. Make sure the title is different. 
3. Set the boot menu timeout to 30 seconds. 


4. Reboot and test the new stanza. 
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14.6. solution: bootloader 


0. Find out whether your system is using lilo, grub or grub2. Only do the practices that are 
appropriate for your system. 


1. Make a copy of the kernel, initrd and System.map files in /boot. Put the copies also in / 
boot but replace 2.x or 3.x with 4.0 (just imagine that Linux 4.0 is out.). 


[root@centos65 boot]# uname -r 

226.32—-431 11.2 .e16. x86.64 

[root@centos65 boot]# cp System.map-2.6.32-431.11.2.e16.x86_64 System.map-—4.0 
[root@centos65 boot]# cp vmlinuz-—-2.6.32-431.11.2.e16.x86_64 vmlinuz-—4.0 
[root@centos65 boot]# cp initramfs—-2.6.32-431.11.2.e16.x86_64.img initramfs-—4.0\ 
.img 


Do not forget that the initrd (or initramfs) file ends in .img . 


2. Add a stanza in grub for the 4.0 files. Make sure the title is different. 


[root@centos65 grub]# cut -cl-70 menu.lst | tail =12 

title CentOS (4.0) 
root (hdd, 0) 
kernel /vmlinuz-4.0 ro root=/dev/mapper/VolGroup-lv_root rd_NO_LUKS L 
initrd /initramfs-4.0.img 

Emile (CentOS (236. 32—431 212 eG. 3816164) 
root (hdd, 0) 
kernel /vmlinuz—-2.6.32-431.11.2.e16.x86_64 ro root=/dev/mapper/VolGro 
initrd /initramfs—2.6.32—-431.11.2.6e16.x86_64.im¢g 

title CentOS (2.6.32-431.e16.x86_64) 
root (hdd, 0) 
kernel /vmlinuz-2.6.32-431.e16.x86_64 ro root=/dev/mapper/VolGroup-lv 
initrd /initramfs—2.6.32-431.e16.x86_64.img 

[root@centos65 grub] # 


3. Set the boot menu timeout to 30 seconds. 
[root@centos65 grub]# vi menu.lst 


[root@centos65 grub]# grep timeout /boot/grub/grub.conf 
timeout=30 


4. Reboot and test the new stanza. 


[root@centos65 grub]# reboot 


GNU GRUB version 0.97 (639K lower 7 490432K upper memory) 


CentOS (4.0) 
CentOS (2.6.32-431.11.2.e16.x66_64) 
CentOS (2.6.32-431.e16.x66_64) 


Select your stanza and if it boots then you did it correct. 
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Chapter 15. init and runlevels 


Many Unix and Linux distributions use init scripts to start daemons in the same way that 
Unix System V did. This chapter will explain in detail how that works. 


Init starts daemons by using scripts, where each script starts one daemon, and where each 
script waits for the previous script to finish. This serial process of starting daemons is slow, 
and although slow booting is not a problem on servers where uptime is measured in years, 
the recent uptake of Linux on the desktop results in user complaints. 


To improve Linux startup speed, Canonical has developed upstart, which was first used 
in Ubuntu. Solaris also used init up to Solaris 9, for Solaris 10 Sun developed Service 
Management Facility. Both systems start daemons in parallel and can replace the SysV init 
scripts. There is also an ongoing effort to create initng (init next generation). 


In 2014 the systemd initiative has taken a lead when after Fedora, RHEL7 and CentOS7 
also Debian has chosen this to be the prefered replacement for init. The end of this module 
contains an introduction to systemd. 
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15.1. system init(ialization) 
15.1.1. process id 1 


The kernel receives system control from the bootloader. After a while the kernel starts the 
init daemon. The init daemon (/sbin/init) is the first daemon that is started and receives 
process id 1 (PID 1). Init never dies. 


15.1.2. configuration in /etc/inittab 


When /sbin/init is started, it will first read its configuration file /etc/inittab. In that file, it 
will look for the value of initdefault (3 in the screenshot below). 


[paul@rhel4 ~]$ grep *id /etc/inittab 
TetSrinwederawlits: 


15.1.3. initdefault 


The value found in initdefault indicates the default runlevel. Some Linux distributions have 
a brief description of runlevels in /etc/inittab, like here on Red Hat Enterprise Linux 4. 


# Default runlevel. The runlevels used by RHS are: 

# 0 - halt (Do NOT set initdefault to this) 

# 1 - Single user mode 

# 2 —- Multiuser, without NFS (The same as 3, if you don't have network) 
# 3 - Full multiuser mode 

# 4 - unused 

# oy) =) 2,dhal 

# 6 


- reboot (Do NOT set initdefault to this) 


Runlevel 0 means the system is shutting down. Runlevel 1 is used for troubleshooting, only 
the root user can log on, and only at the console. Runlevel 3 is typical for servers, whereas 
runlevel 5 is typical for desktops (graphical logon). Besides runlevels 0, 1 and 6, the use may 
vary depending on the distribution. Debian and derived Linux systems have full network 
and GUI logon on runlevels 2 to 5. So always verify the proper meaning of runlevels on 
your system. 
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15.1.4. sysinit script 
/etc/rc.d/rc.sysinit 


The next line in /etc/inittab in Red Hat and derivatives is the following. 


Si sysinite/ Cue/ne.d/ re ssyisa mite 


This means that independent of the selected runlevel, init will run the /etc/re.d/re.sysinit 
script. This script initializes hardware, sets some basic environment, populates /etc/mtab 
while mounting file systems, starts swap and more. 


[paul@rhel ~]$ egrep -e"*# Ini" -e"*# Sta" -e"*# Che" /etc/rc.d/rc.sysinit 
# Check SELinux status 

# Initialize hardware 

# Start the graphical boot, if necessary; /usr may not be mounted yet... 
# Initialiaze ACPI bits 

# Check filesystems 

# Start the graphical boot, if necessary and not done yet. 

# Check to see if SELinux requires a relabel 

# Initialize pseudo-random number generator 

# Start up swapping. 

# Initialize the serial ports. 


That egrep command could also have been written with grep like this : 


grep "*# \(Ini\|Sta\|Che\)". 
/etc/init.d/rcS 


Debian has the following line after initdefault. 


Sal OS SA/SaLislic 3/Sic@// abakie qiol//icels) 


The /etc/init.d/reS script will always run on Debian (independent of the selected runlevel). 
The script is actually running all scripts in the /etc/reS.d/ directory in alphabetical order. 


root@barry:~# cat /etc/init.d/rcs 


#! /bin/sh 
# 

# rcs 

# 


# Call all S??* scripts in /etc/rcS.d/ in numerical/alphabetical order 
# 


exec /etc/init.d/re S 
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15.1.5. re scripts 


Init will continue to read /etc/inittab and meets this section on Debian Linux. 


O:wait:/etc/init.d/re 
Iswait:/ete/init .d/re 
2:wait:/etc/init.d/re 
IS Seiwalktinictc/ nt te a/ime 
4:wait:/etc/init.d/re 
Siiwatti/ete/ani tad/ce 
6:wait:/etc/init.d/re 


OCS: WS eS 


On Red Hat Enterprise Linux it is identical except init.d is re.d. 


LOT0:waltie/erc/re.d/re 0 
HLS al Bieiiiiee eee serelyrol//iere al 
QT 2waitiie/euc/~roscd/ re 2 
HSir Seiwa Cicy enc) seus 
1434:wait:/etc/re.d/re 4 

Beviewkes wey ize ol/iere: 5) 

6 6 


:wait:/etc/rce.d/re 


In both cases, this means that init will start the rc script with the runlevel as the only 
parameter. Actually /etc/inittab has fields separated by colons. The second field determines 
the runlevel in which this line should be executed. So in both cases, only one line of the 
seven will be executed, depending on the runlevel set by initdefault. 


15.1.6. re directories 


When you take a look any of the /etc/reX.d/ directories, then you will see a lot of (links to) 
scripts who's name start with either uppercase K or uppercase S. 


[root@RHEL52 rc3.d]# 1s -1 | tail -4 

lrwxrwxrwx 1 root root 19 Oct 11 2008 S98haldaemon -> ../init.d/haldaemon 
lrwxrwxrwx 1 root root 19 Oct 11 2008 S99firstboot —-> ../init.d/firstboot 
lrwxrwxrwx 1 root root 11 Jan 21 04:16 S99local -> ../rc.local 
1. 


lrwxrwxrwx root root 16 Jan 21 04:17 S99smartd -> ../init.d/smartd 


The /etc/reX.d/ directories only contain links to scripts in /etc/init.d/. Links allow for the 
script to have a different name. When entering a runlevel, all scripts that start with uppercase 
K or uppercase S will be started in alphabetical order. Those that start with K will be started 
first, with stop as the only parameter. The remaining scripts with S will be started with start 
as the only parameter. 


All this is done by the /ete/re.d/re script on Red Hat and by the /etc/init.d/re script on 
Debian. 
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15.1.7. mingetty 
mingetty in /etc/inittab 


Almost at the end of /etc/inittab there is a section to start and respawn several mingetty 
daemons. 


[root@RHEL4b ~]# grep getty /etc/inittab 
# Run gettys in standard runlevels 
1:2345:respawn:/sbin/mingetty ttyl 
2:2345:respawn:/sbin/mingetty tty2 
3:2345:respawn:/sbin/mingetty tty3 
4:2345:respawn:/sbin/mingetty tty4 
5:2345:respawn:/sbin/mingetty tty5 
6:2345:respawn:/sbin/mingetty tty6 


mingetty and /bin/login 


This /sbin/mingetty will display a message on a virtual console and allow you to type a 
userid. Then it executes the /bin/login command with that userid. The /bin/login program 
will verify whether that user exists in /etc/passwd and prompt for (and verify) a password. 
If the password is correct, /bin/login passes control to the shell listed in /etc/passwd. 


respawning mingetty 
The mingetty daemons are started by init and watched until they die (user exits the shell and 
is logged out). When this happens, the init daemon will respawn a new mingetty. So even 


if you kill a mingetty daemon, it will be restarted automatically. 


This example shows that init respawns mingetty daemons. Look at the PID's of the last two 
mingetty processes. 


[root@RHEL52 ~]# ps -C mingetty 


JeNEID Ee IRARNG TIME CMD 

2407 ttyl 00:00:00 mingetty 
2408 tty2 00:00:00 mingetty 
2409 tty3 00:00:00 mingetty 
2410 tty4 00:00:00 mingetty 
ZAI Se EyS 00:00:00 mingetty 
2412 tty6 00:00:00 mingetty 


When we kill the last two mingettys, then init will notice this and start them again (with 
a different PID). 


[root@RHEL52 ~]# kill 2411 2412 
[root@RHEL52 ~]# ps -C mingetty 


Je MID aLENG TIME CMD 

24007 teyl 00:00:00 mingetty 
2408 tty2 00:00:00 mingetty 
ZA09 EEyS 00:00:00 mingetty 
2410 tty4 00:00:00 mingetty 
2821 bey 00:00:00 mingetty 
2824 tty6 00:00:00 mingetty 
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disabling a mingetty 


You can disable a mingetty for a certain tty by removing the runlevel from the second field 
in its line in /etc/inittab. Don't forget to tell init about the change of its configuration file 
with kill -1 1. 


The example below shows how to disable mingetty on tty3 to tty6 in runlevels 4 and 5. 


[root@RHEL52 ~]# grep getty /etc/inittab 
# Run gettys in standard runlevels 
1:2345:respawn:/sbin/mingetty ttyl 
2:2345:respawn:/sbin/mingetty tty2 
3:23:respawn:/sbin/mingetty tty3 
4:23:respawn:/sbin/mingetty tty4 
5:23:respawn:/sbin/mingetty tty5 
6:23:respawn:/sbin/mingetty tty6 
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15.2. daemon or demon ? 


A daemon is a process that runs in background, without a link to a GUI or terminal. Daemons 
are usually started at system boot, and stay alive until the system shuts down. In more recent 
technical writings, daemons are often refered to as services. 


Unix daemons are not to be confused with demons. Evi Nemeth, co-author of the UNIX 
System Administration Handbook has the following to say about daemons: 


Many people equate the word "daemon" with the word "demon", implying some 
kind of satanic connection between UNIX and the underworld. This is an egregious 
misunderstanding. "Daemon" is actually a much older form of "demon"; daemons have no 
particular bias towards good or evil, but rather serve to help define a person's character or 
personality. The ancient Greeks' concept of a "personal daemon" was similar to the modern 
concept of a "guardian angel" .... 


15.3. starting and stopping daemons 


The K and S scripts are links to the real scripts in /etc/init.d/. These can also be used when the 
system is running to start and stop daemons (or services). Most of them accept the following 
parameters: start, stop, restart, status. 


For example in this screenshot we restart the samba daemon. 
root@laika:~# /etc/init.d/samba restart 


* Stopping Samba daemons... [ OK] 
* Starting Samba daemons... [ OK J] 


You can achieve the same result on RHEL/Fedora with the service command. 


[root@RHEL4b ~]# service smb restart 


Shutting down SMB services: [ OK ] 
Shutting down NMB services: Ll) 
Starting SMB services: I Ole | 
Starting NMB services: [ OK ] 


You might also want to take a look at chkconfig, update-re.d. 
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15.4. chkconfig 


The purpose of chKconfig is to relieve system administrators of manually managing all the 
links and scripts in /etc/init.d and /ete/rcX.d/. 


15.4.1. chkconfig --list 


Here we use chkconfig to list the status of a service in the different runlevels. You can see 
that the crond daemon (or service) is only activated in runlevels 2 to 5. 


[root@RHEL52 ~]# chkconfig --list crond 
crond Osort eo rt Zion Sion one oon oot 


When you compare the screenshot above with the one below, you can see that off equals to 
a K link to the script, whereas on equals to an S link. 


[root@RHEL52 etc]# find ./rc?.d/ -name \*crond -exec 1s -1 {} \; |cut -b40- 
./rc0.d/K60crond -> ../init.d/crond 
./rcl.d/K6Ocrond -> ../init.d/crond 
./ec2.da/S90crond -> ../init.d/crond 
./rc3.da/S90crond -> ../init.d/crond 
./ec4.da/S90crond -> ../init.d/crond 
./rc5.da/S90crond -> ../init.d/crond 
./rc6.d/K60crond -> ../init.d/crond 


15.4.2. runlevel configuration 


Here you see how to use chkconfig to disable (or enable) a service in a certain runlevel. 


This screenshot shows how to disable crond in runlevel 3. 
[root@RHEL52 ~]# chkconfig --level 3 crond off 


[root@RHEL52 ~]# chkconfig --list crond 
crond ORougse Alsioneie 2 byonal Shavers “Vong Sy) eroal, G)qioumie 


This screenshot shows how to enable crond in runlevels 3 and 4. 
[root@RHEL52 ~]# chkconfig --level 34 crond on 


[root@RHEL52 ~]# chkconfig --list crond 
crond Oot iort  2sion. Stions 4on, Son) 16st 
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15.4.3. chkconfig configuration 


Every script in /etc/init.d/ can have (comment) lines to tell chkconfig what to do with the 
service. The line with # chkconfig: contains the runlevels in which the service should be 
started (2345), followed by the priority for start (90) and stop (60). 


[root@RHEL52 ~]# head -9 /etc/init.d/crond | tail -5 
# chkconfig: 2345 90 60 


# description: cron is a standard UNIX program that runs user-specified 

# programs at periodic scheduled times. vixie cron adds a 

# number of features to the basic UNIX cron, including better 
# security and more powerful configuration options. 


15.4.4. enable and disable services 


Services can be enabled or disabled in all runlevels with one command. Runlevels 0, 1 and 


6 are always stopping services (or calling the scripts with stop) even when their name starts 
with uppercase S. 


[root@RHEL52 ~]# chkconfig crond off 
[root@RHEL52 ~]# chkconfig --list crond 


crond (0) Siehnse il Steneae AS Oyeae Sie hese 4:off So tate (6) Rione1e 
[root@RHEL52 ~]# chkconfig crond on 

[root@RHEL52 ~]# chkconfig --list crond 

crond Otort es @utete Zeon Son 4:on Son () Rienese 
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15.5. update-rc.d 
15.5.1. about update-rc.d 


The Debian equivalent of chkconfig is called update-re.d. This tool is designed for use in 
scripts, if you prefer a graphical tool then look at bum. 


When there are existing links in /etc/rcX.d/ then update-re.d does not do anything. This is 
to avoid that post installation scripts using update-re.d are overwriting changes made by 
a system administrator. 


root@barry:~# update-rce.d cron remove 


update-rc.d: 


/ScC/Antted/cronsextsts during Lend purge (use —f to torce)) 


As you can see in the next screenshot, nothing changed for the cron daemon. 


root@barry:~# find /etc/rc?.d/ -name '*cron' -exec ls -l {} \; out -b44- 


/etc/rcod. 
/etc/rel. 
/etc/rce2. 
PREC / 1x5) 5 
/etc/rcd4. 
Jere/uebr 
/etc/rcé. 


d/Kilcron -> 
d/Kilcron -> 
d/S89cron -> 
d/S89cron -> 
d/S89cron -> 
d/S89cron -> 
d/Kilcron -> 


etme, 
a/ tate 
=/ Ente 
py eiaviites 
py/ sisal tees 
a/ inate 
oy/ eT tee 


d/cron 
d/cron 
d/cron 
d/cron 
d/cron 
d/cron 
d/cron 


15.5.2. removing a service 


Here we remove cron from all runlevels. Remember that the proper way to disable a service 
is to put K scripts oin all runlevels! 


root@barry:~# update-rce.d -f cron remove 

Removing any system startup links for /etc/init.d/cron 
(eEe/ cclind/malenon 
/SeC/ cel, Cl/icilexeeun 
Lecce) aetna selenon 
/ete/7e3)..d/S89cuon 
/etc/rc4.d/S89cron 
(eee /ue5.d/SeIenon! 
/etc/rc6.d/Klicron 

root@barry:~# find /etc/rc?.d/ -name '*cron' -exec 1s -1 {} \; |out —-b44- 

root@barry:~# 


15.5.3. enable a service 


This screenshot shows how to use update-rc.d to enable a service in runlevels 2, 3, 4 and 
5 and disable the service in runlevels 0, 1 and 6. 


root@barry:~# update-re.d cron defaults 

Adding system startup for /etc/init.d/cron 
/etc/rc0.d/K20cron 
/etc/rel.d/K20cron 
/etc/rc6.d/K20cron 
/eue/re2)..d/S20cuon 
eee] cesua/ SA0cKom 
/etc/rc4.d/S20cron 
fetc/rcd.d/S20cron 


aff sbio\alie. 5 el/(eierojin 
7/ IME ie /ieron 
af Minis j(el/eievona 
Hof abiolauiz, aicl// fehiexoial 
of skioWalie, Cl/(rerojin 
5 / shiglilien(6l/{ene(ojial 
2 fPsliglalis 5 (el eretoinl 
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15.5.4. customize a service 


And here is an example on how to set your custom configuration for the cron daemon. 


root@barry:~# update-re.d -n cron start 1123 45 


Adding system startup for /etc/init.d/cron 
/etc/rc0. 
/etc/rel. 
/etc/rcé. 
/etc/re2. 
/etc/rc3. 
/etc/rc4. 
/etc/rc5. 


d/K89cron 
d/K89cron 
d/K89cron 
d/Slicron 
d/Slicron 
d/Slicron 
d/Slicron 


15.6. bum 


This screenshot shows bum in advanced mode. 


File Services {Gj Help | 


Summary Services | Startup and shutdown scripts | 


[acvate|Senice name [single user] Run level 29] Run level 3 Run lve 4 Run level S| Reboot nak] Running] 
iJ “LU U ag oG oq 7 


fam 


ntp 


4 atd 
apache2 
apache-perl 
mn hantelaan 


ay istaietee 
ey /letastbters 
ai CNT ee 
ay/ abe 
y/ amass 
ay/cierasittees 
ey /eisiaetitere 


d/cron 
d/cron 
d/cron 
d/cron 
d/cron 
d/cron 
d/cron 


$21 


$21 
$23 


$21 


cron: Runs system housekeeping chores on specified dates/times 


cron is a background process ( daemon’) that runs programs at regular 


intervals (for example, every minute, day, week or month); which 
processes are run and at what times are specified in the crontab’. 


Users may also install crontabs so that processes are run on 
their behalf, though this feature can be disabled or restricted to 
particular users. 


y apply| Advanced 
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$21 


K21 
K23 


cd 


? 
‘ 
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15.7. runlevels 
15.7.1. display the runlevel 


You can see your current runlevel with the runlevel or who -r commands. 

The runlevel command is typical Linux and will output the previous and the current runlevel. 
If there was no previous runlevel, then it will mark it with the letter N. 

[root@RHEL4b ~]# runlevel 

N 3 

The history of who -r dates back to Seventies Unix, it still works on Linux. 


[root@RHEL4b ~]# who -r 
raha Ibenyeul sabi tes (Ope als) last=S 


15.7.2. changing the runlevel 


You can switch to another runlevel with the telinit command. On Linux /sbin/telinit is 
usually a (hard) link to /sbin/init. 

This screenshot shows how to switch from runlevel 2 to runlevel 3 without reboot. 
root@barry:~# runlevel 

N 2 

root@barry:~# init 3 


root@barry:~# runlevel 
py 8 


15.7.3. /sbin/shutdown 


The shutdown command is used to properly shut down a system. 
Common switches used with shutdown are -a, -t, -h and -r. 


The -a switch forces /sbin/shutdown to use /etc/shutdown.allow. The -t switch is used 
to define the number of seconds between the sending of the TERM signal and the KILL 
signal. The -h switch halts the system instead of changing to runlevel 1. The -r switch tells 
/sbin/shutdown to reboot after shutting down. 


This screenshot shows how to use shutdown with five seconds between TERM and KILL 
signals. 


root@barry:~# shutdown -t5 —-h now 


The now is the time argument. This can be +m for the number of minutes to wait before 
shutting down (with now as an alias for +0. The command will also accept hh:mm instead 
of +m. 


15.7.4. halt, reboot and poweroff 


The binary /sbin/reboot is the same as /sbin/halt and /sbin/poweroff. Depending on the 
name we use to call the command, it can behave differently. 
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When in runlevel 0 or 6 halt, reboot and poweroff will tell the kernel to halt, reboot or 
poweroff the system. 


When not in runlevel 0 or 6, typing reboot as root actually calls the shutdown command 
with the -r switch and typing poweroff will switch off the power when halting the system. 


15.7.5. /var/log/wtmp 


halt, reboot and poweroff all write to /var/log/wtmp. To look at /var/log/wtmp, we need 
to use th last. 


[root@RHEL52 ~]# last | grep reboot 


reboot system boot 2.6.18-128.e15 Fri May 29 11:44 (ES 227015) 8 (0/10) 
reboot system boot 2.6.18-128.e15 Wed May 27 12:10 (06:49) 
reboot system boot 2.6.18-128.e15 Mon May 25 19:34 (IAS 9519) 
reboot system boot 2.6.18-128.e15 Mon Feb 9 13:20 (106+21:13) 


15.7.6. Ctrl-Alt-Del 


When rc is finished starting all those scripts, init will continue to read /etc/inittab. The next 
line is about what to do when the user hits Ctrl-Alt-Delete on the keyboard. 


Here is what Debian 4.0 does. 


root@barry:~# grep -i ctrl /etc/inittab 
# What to do when CTRL-ALT-DEL is pressed. 
Gasl2345:ctrilaltdel:/sbin/shutdown =tl -a =r now 


Which is very similar to the default Red Hat Enterprise Linux 5.2 action. 


[root@RHEL52 ~]# grep -i ctrl /etc/inittab 
# Trap CTRL-ALT-DELETE 
ca::ctrlaltdel:/sbin/shutdown -t3 -r now 


One noticable difference is that Debian forces shutdown to use /etc/shutdown.allow, where 
Red Hat allows everyone to invoke shutdown pressing Ctrl-Alt-Delete. 


15.7.7. UPS and loss of power 


[root@RHEL52 ~]# grep “p /etc/inittab 
pf::powerfail:/sbin/shutdown -f -h +2 "Power Failure; System Shutting Down" 
pr:12345:powerokwait:/sbin/shutdown -c "Power Restored; Shutdown Cancelled" 


It will read commands on what to execute in case of powerfailure, powerok and Ctrl-Alt- 
Delete. The init process never stops keeping an eye on power failures and that triple key 
combo. 


root@barry:~# grep “p /etc/inittab 
pf::powerwait:/etc/init.d/powerfail start 
pn: :powerfailnow:/etc/init.d/powerfail now 
po: :powerokwait:/etc/init.d/powerfail stop 
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15.8. systemd 


It is likely that systemd will replace all the standard init/runlevel/re functionality. Both Red 
Hat and Debian have decided in 2014 that systemd will be replacing init in future releases 
(RHEL7/CentOS7 and Debian 8). 


The screenshot below shows systemd running as pid 1 on RHEL7. 


[root@rhel7 ~]# ps fax | grep systemd | Cuts —cl—7'6 


2 Ss 0:01 /usr/lib/systemd/systemd --switched-root --system 
SO Sa Ss 0:00 /usr/lib/systemd/systemd-journald 
545 ? Ss 0:00 /usr/lib/systemd/systemd-udevd 
670 ? Ss 0:00 /usr/lib/systemd/systemd-logind 
677 ? Sill 0:00 /bin/dbus-daemon --system --address=systemd: --no 
2662 pts/1 S+ 0:00 \_ grep --color=auto systemd 


[root@rhel7 ~]# 


Debian 8 (not yet released in September 2014) uses parts of systemd, but still has init as 
pid 1. 


root@debian8:~# ps fax | grep systemd 


2042 ? S 0:00 /sbin/cgmanager --daemon -m name=systemd 
10127 pts/4 ‘Sas 0:00 | \_ grep systemd 
QUT 2 S 0:00 /lib/systemd/systemd-logind 


root @debian8: ~# 
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15.8.1. systemd targets 


The first command to learn is systemctl list-units --type=target (or the shorter version 
systemctl -t target). It will show you the different targets on the system. 


[root@rhel7 ~]# systemctl list-units type=target 

UNIT LOAD ACTIVE SUB DESCRIPTION 

basic.target loaded active active Basic System 

cryptsetup.target loaded active active Encrypted Volumes 

getty.target loaded active active Login Prompts 

graphical.target loaded active active Graphical Interface 
local-fs-pre.target loaded active active Local File Systems (Pre) 
local-fs.target loaded active active Local File Systems 
multi-user.target loaded active active Multi-User System 
network.target loaded active active Network 

nfs.target loaded active active Network File System Server 
paths.target loaded active active Paths 

remote-fs.target loaded active active Remote File Systems 
slices.target loaded active active Slices 

sockets.target loaded active active Sockets 

swap.target loaded active active Swap 

sysinit.target loaded active active System Initialization 
timers.target loaded active active Timers 

LOAD = Reflects whether the unit definition was properly loaded. 

ACTIVE = The high-level unit activation state, i.e. generalization of SUB. 
SUB = The low-level unit activation state, values depend on unit type. 
16 loaded units listed. Pass --all to see loaded but inactive units, too. 


To show all installed unit files use 'systemctl list-unit-files'. 
[root@rhel7 ~]# 


Targets are the replacement of runlevels and define specific points to reach when booting 
the system. For example the graphical.target is reached when you get a graphical interface, 
and the nfs.target requires a running nfs server. 


To switch to a target (for example multi-user.target), we now use systemctl isolate (instead 
of the equivalent init 3 to change the runlevel). 


[root@rhel7 ~]# ps fax | we -l 


iL) 

[root@rhel7 ~]# systemctl isolate multi-user.target 
[root@rhel7 ~]# ps fax we -l 

228) 


[root@rhel7 ~]# 


To change the default target, we again use this systemctl command (instead of editing the 
/etc/inittab file). 


[root@rhel7 ~]# systemctl enable multi-user.target --force 

rm '/etc/systemd/system/default.target' 

ln -s '/usr/lib/systemd/system/multi-user.target' '/etc/systemd/system/default\ 
-target' 

[root@rhel7 ~]# 


This command removed the file /etc/systemd/system/default.target and replaced it with a 
symbolic link to the multi-user-.target target. 
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15.8.2. systemd dependencies 


Dependencies are no longer defined by alfabetical order of running scripts, but by 
configuration in /etc/systemd/system/. For example here are the required services for the 
multi-user.target on Red Hat Enterprise 7. 


[root@rhel7 ~]# ls /etc/systemd/system/multi-user.target.wants/ 


abrt-—ccpp.service 
abrtd.service 
abrt-oops.service 
abrt-vmcore.service 
abrt-xorg.service 
atd.service 
auditd.service 
avahi-daemon.service 
chronyd.service 
crond.service 
cups.path 
[root@rhel7 ~]# 


hypervkvpd.service 
hypervvssd.service 
irgqbalance.service 
ksm.service 
ksmtuned.service 
libstoragemgmt .service 
libvirtd.service 
mdmonitor.service 
ModemManager.service 
NetworkManager.service 
nfs.target 


Debian§8 is not fully migrated yet. 


postfix.service 
remote-fs.target 
rhsmcertd.service 
rngd.service 
rpcbind.service 
rsyslog.service 
smartd.service 
sshd.service 
sysstat.service 
tuned.service 
vmtoolsd.service 


root@debian8:~# ls /etc/systemd/system/multi-user.target.wants/ 


anacron.service 
atd.service 
avahi-daemon.service 


binfmt-support.service 
fancontrol.service 
im-sensors.service 


pppd-dns.service ssh.service 
remote-fs.target 


rsyslog.service 


Typical re scripts are replaced with services. Issue the systemctl list-units -t service --all 
(or systemctl -at service) to get a list of all services on your system. 


[root@rhel7 ~]# systemctl -at service | head -5 | column -t | cut -cl-78 
UNIT LOAD ACTIVE SUB DESCRIPTION 
abrt-ccpp.service loaded active exited Install ABRT coredump 
abrt-oops.service loaded active running ABRT kernel log 
abrt-vmcore.service loaded inactive dead Harvest vmcores for 
abrt-xorg.service loaded active running ABRT Xorg log 
[root@rhel7 ~]# 
And here an example on how to see the status of the sshd service. 
[root@rhel7 ~]# systemctl status sshd.service 
sshd.service - OpenSSH server daemon 

Loaded: loaded (/usr/lib/systemd/system/sshd.service; enabled) 

Active: active (running) since Wed 2014-09-10 13:42:21 CEST; 55min ago 
Main PID: 1400 (sshd) 

CGroup: /system.slice/sshd.service 


--1400 /usr/sbin/sshd —-D 


Sep 10 13:42:21 
Sep 10 13:42:21 
Sep 10 13:42:21 
[root@rhel7 ~]# 


rhel7 systemd[1]: 
rhel7 sshd[1400]: 
rhel7 sshd[1400]: 


Started OpenSSH server daemon. 
Server listening on 0.0.0.0 port 22. 
Server listening on PROBE E22. 
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15.8.3. systemd services 


The chkconfig and service commands are considered 'legacy'. They are replaced with 
systemctl. 


This screenshot shows the new way to start and stop a service. 


[root@rhel7 ~]# systemctl start crond.service 

[root@rhel7 ~]# systemctl show crond.service | grep State 
LoadState=loaded 

ActiveState=active 

SubState=running 

UnitFileState=enabled 

[root@rhel7 ~]# systemctl stop crond.service 

[root@rhel7 ~]# systemctl show crond.service grep State 
LoadState=loaded 

ActiveState=inactive 

SubState=dead 

UnitFileState=enabled 

[root@rhel7 ~]# 


And here is the new way to stop and disable a service. 


[root@rhel7 ~]# systemctl stop crond.service 

[root@rhel7 ~]# systemctl disable crond.service 

rm '/etc/systemd/system/multi-user.target.wants/crond.service' 
[root@rhel7 ~]# systemctl show crond.service | grep State 


LoadState=loaded 
ActiveState=inactive 
SubState=dead 
UnitFileState=disabled 
[root@rhel7 ~]# 


This screenshot shows how to enable and start the service again. 


[root@rhel7 ~]# systemctl enable crond.service 

in -s '/usr/lib/systemd/system/crond.service' '/etc/systemd/system/multi-user.\ 
target .wants/crond.service' 

[root@rhel7 ~]# systemctl start crond.service 

[root@rhel7 ~]# systemctl show crond.service | grep State 


LoadState=loaded 
ActiveState=active 
SubState=running 
UnitFileState=enabled 
[root@rhel7 ~]# 
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15.8.4. systemd signalling 


You can also use systemd to kill problematic services. 


[root@rhel7 ~]# systemctl show crond.service | grep State 
LoadState=loaded 

ActiveState=active 

SubState=running 

UnitFileState=enabled 

[root@rhel7 ~]# systemctl kill -s SIGKILL crond.service 
[root@rhel7 ~]# systemctl show crond.service | grep State 
LoadState=loaded 

ActiveState=failed 

SubState=failed 

UnitFileState=enabled 

[root@rhel7 ~]# 


15.8.5. systemd shutdown 


The poweroff, halt and reboot commands are considered legacy now and are handeld by 


systemctl. The table below shows the legacy commands on the left and their new systemd 
equivalent on the right. 


Table 15.1. systemd power management 


legacy command systemd command 


poweroff systemctl poweroff 


reboot systemctl reboot 
halt systemctl halt 
pm-suspend systemctl suspend 


pm-hibernate systemctl hibernate 
15.8.6. remote systemd 


The systemctl utility has a buil-in remote control providing there is an ssh daemon running 
on the remote system. 


This screenshot shows how to use systemctl to verify a service on an other RHEL server. 


[root@rhel7 ~]# systemctl —-H root@192.168.1.65 status sshd 
root@192.168.1.65's password: 
sshd.service - OpenSSH server daemon 

Loaded: loaded (/usr/lib/systemd/system/sshd.service; enabled) 

Active: active (running) since Thu 2014-09-11 13:04:10 CEST; 16min ago 

Process: 1328 ExecStartPre=/usr/sbin/sshd-keygen (code=exited, status=0/SUCCI 
SS) 
Main PID: 1363 (sshd) 

CGroup: /system.slice/sshd.service 
[root@rhel7 ~]# 


15.5 | 
ZZ 
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15.8.7. there is more systemd 


There are other tools... 


systemd-analyze systemd-loginctl 
systemd-ask-password systemd-machine-id-setup 
systemd-cat systemd-notify 

systemd-cgls systemd-nspawn 

systemd-cgtop systemd-run 
systemd-coredumpctl systemd-stdio-bridge 
systemd-delta systemd-sysv-convert 
systemd-detect-virt systemd-tmpfiles 
systemd-inhibit systemd-tty-ask-password-agent 


For example systemd-analyze blame will give you an overview of the time it took for each 
service to boot. 


[root@rhel7 ~]# systemd-analyze blame | head 
1.977s firewalld.service 
1.096s tuned.service 
993ms postfix.service 
939ms iprinit.service 
925ms vboxadd-x11l.service 
880ms firstboot-graphical.service 
839ms accounts-—daemon.service 
829ms network.service 
822ms iprupdate.service 
795ms boot.mount 
[root@rhel7 ~]# 
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15.9. practice: init 


1. Change /etc/inittab so that only two mingetty's are respawned. Kill the other mingetty's 
and verify that they don't come back. 


2. Use the Red Hat Enterprise Linux virtual machine. Go to runlevel 5, display the current 
and previous runlevel, then go back to runlevel 3. 


3. Is the sysinit script on your computers setting or changing the PATH environment 
variable ? 


4. List all init.d scripts that are started in runlevel 2. 


5. Write a script that acts like a daemon script in /etc/init.d/. It should have a case statement 
to act on start/stop/restart and status. Test the script! 


6. Use chkconfig to setup your script to start in runlevels 3,4 and 5, and to stop in any other 
runlevel. 
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15.10. solution : init 


1. Change /etc/inittab so that only two mingetty's are respawned. Kill the other mingetty's 
and verify that they don't come back. 


Killing the mingetty's will result in init respawning them. You can edit /etc/inittab so it 
looks like the screenshot below. Don't forget to also run kill -1 1. 


[root@RHEL5 ~]# grep tty /etc/inittab 
# Run gettys in standard runlevels 
1:2345:respawn:/sbin/mingetty ttyl 
2:2345:respawn:/sbin/mingetty tty2 
3:2:respawn:/sbin/mingetty tty3 
4:2:respawn:/sbin/mingetty tty4 
5:2:respawn:/sbin/mingetty tty5 
6:2:respawn:/sbin/mingetty tty6 
[root@RHEL5 ~]# 


2. Use the Red Hat Enterprise Linux virtual machine. Go to runlevel 5, display the current 
and previous runlevel, then go back to runlevel 3. 


init 5 (watch the console for the change taking place) 
runlevel 
init 3 (again you can follow this on the console) 


3. Is the sysinit script on your computers setting or changing the PATH environment 
variable ? 


On Red Hat, grep for PATH in /ete/re.sysinit, on Debian/Ubuntu check /ete/re.local and / 
etc/ini.t/re.local. The answer is probably no, but on RHELS the re.sysinit script does set 
the HOSTNAME variable. 


[root@RHEL5 etc]# grep HOSTNAME rc.sysinit 


4. List all init.d scripts that are started in runlevel 2. 


root@RHEL5 ~# chkconfig --list | grep '2:on' 


5. Write a script that acts like a daemon script in /etc/init.d/. It should have a case statement 
to act on start/stop/restart and status. Test the script! 


The script could look something like this. 


#!/bin/bash 


# 
i chkcommrge S45) °99 1.01 

# description: pold demo script 
# 

# 


/etc/init.d/pold 
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# 
case "S1" in 
start) 
echo =n "Stanting poldaz..” 
sleep 1; 
touch /var/lock/subsys/pold 
echo "done." 
echo pold started >> /var/log/messages 
ad 
stop) 
echo =n "Stopping pold..." 
sleep 1; 
rm -rf /var/lock/subsys/pold 
echo "done." 
echo pold stopped >> /var/log/messages 
tr 
*)/ 
echo "Usage: /etc/init.d/pold {start|stop}" 
exit 1 
tr 
esac 
exit 0 


The touch /var/lock/subsys/pold is mandatory and must be the same filename as the script 
name, if you want the stop sequence (the KO1pold link) to be run. 


6. Use chKconfig to setup your script to start in runlevels 3,4 and 5, and to stop in any other 


runlevel. 


chkconfig --add pold 


The command above will only work when the # chkconfig: and # description: lines in the 


pold script are there. 
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Chapter 16. scheduling 


Linux administrators use the at to schedule one time jobs. Recurring jobs are better 
scheduled with cron. The next two sections will discuss both tools. 
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16.1. one time jobs with at 
16.1.1. at 


Simple scheduling can be done with the at command. This screenshot shows the scheduling 
of the date command at 22:01 and the sleep command at 22:03. 


root@laika:~# at 22:01 

at> date 

at> <EOT> 

job 1 at Wed Aug 1 22:01:00 2007 
root@laika:~# at 22:03 

at> sleep 10 

at> <EOT> 

job 2 at Wed Aug 1 22:03:00 2007 
root@laika:~# 


In real life you will hopefully be scheduling more useful commands ;-) 


16.1.2. atq 


It is easy to check when jobs are scheduled with the atq or at -l commands. 


root@laika:~# atq 


iL Wed Aug 1 22:01:00 2007 a root 
2 Wed Aug 1 22:03:00 2007 a root 
root@laika:~# at -l 

al Wed Aug 1 22:01:00 2007 a root 
2 Wed Aug 1 22:03:00 2007 a root 


root@laika:~# 


The at command understands English words like tomorrow and teatime to schedule 
commands the next day and at four in the afternoon. 


root@laika:~# at 10:05 tomorrow 

at> sleep 100 

at> <EOT> 

Jeb 5 at Thu Aug 2 10:05:00 2007 
root@laika:~# at teatime tomorrow 

at> tea 

at> <EOT> 

Jeb 6 at Thu Aug 2 16:00:00 2007 
root@laika:~# atq 

6 Thu Aug 2 16:00:00 2007 a root 
5) thu Aug 2 10s05300 2007 a root 
root@laika:~# 
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16.1.3. atrm 


Jobs in the at queue can be removed with atrm. 


root@laika:~# atq 

6 Thu Aug 2 16:00:00 2007 a root 
IB) tha Aug 2 10305700 2007 “a Toot 
root@laika:~# atrm 5 

root@laika:~# atq 

6 Thu Aug 2 16:00:00 2007 a root 
root@laika:~# 


16.1.4. at.allow and at.deny 


You can also use the /etc/at.allow and /etc/at.deny files to manage who can schedule jobs 
with at. 


The /etc/at.allow file can contain a list of users that are allowed to schedule at jobs. When 
/etc/at.allow does not exist, then everyone can use at unless their username is listed in / 


etc/at.deny. 


If none of these files exist, then everyone can use at. 
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16.2. cron 
16.2.1. crontab file 


The crontab(1) command can be used to maintain the crontab(5) file. Each user can have 
their own crontab file to schedule jobs at a specific time. This time can be specified with 
five fields in this order: minute, hour, day of the month, month and day of the week. If a 
field contains an asterisk (*), then this means all values of that field. 


The following example means : run script42 eight minutes after two, every day of the month, 
every month and every day of the week. 


Cr Aes A crepe, 


Run script8472 every month on the first of the month at 25 past midnight. 


Zo Oi A = siormilpuga 72 


Run this script33 every two minutes on Sunday (both 0 and 7 refer to Sunday). 


{2 * * * 0 


Instead of these five fields, you can also type one of these: @reboot, @yearly or @annually, 
@monthly, @weekly, @daily or @midnight, and @hourly. 


16.2.2. crontab command 


Users should not edit the crontab file directly, instead they should type crontab -e which 
will use the editor defined in the EDITOR or VISUAL environment variable. Users can 
display their cron table with crontab -I. 


16.2.3. cron.allow and cron.deny 


The cron daemon crond is reading the cron tables, taking into account the /etc/cron.allow 
and /etc/cron.deny files. 


These files work in the same way as at.allow and at.deny. When the cron.allow file exists, 


then your username has to be in it, otherwise you cannot use cron. When the cron.allow file 
does not exists, then your username cannot be in the cron.deny file if you want to use cron. 
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16.2.4. /etc/crontab 


The /etc/crontab file contains entries for when to run hourly/daily/weekly/monthly tasks. 
It will look similar to this output. 


SHELL=/bin/sh 
PATH=/usr/local/sbin:/usr/local/bin:/sbin:/bin:/usr/sbin:/usr/bin 


PAQ) SJ ee root run-parts --report /etc/cron.daily 
AO Se xe 7 root run-parts --report /etc/cron.weekly 
BGS} ik root run-parts --report /etc/cron.monthly 


16.2.5. /etc/cron.* 


The directories shown in the next screenshot contain the tasks that are run at the times 
scheduled in /etc/crontab. The /etc/cron.d directory is for special cases, to schedule jobs 
that require finer control than hourly/daily/weekly/monthly. 


paul@laika:~$ 1s -ld /etc/cron.* 

drwxr-xr-xX root root 4096 2008-04-11 09:14 /etc/cron.d 

root root 4096 2008-04-19 15:04 /etc/cron.daily 
root root 4096 2008-04-11 09:14 /etc/cron.hourly 
root root 4096 2008-04-11 09:14 /etc/cron.monthly 
root root 4096 2008-04-11 09:14 /etc/cron.weekly 


16.2.6. /etc/cron.* 


drwxr-xr-x 
drwxr-xr-x 
drwxr—xr—x 


NM NMN DN NH 


drwxr-xr-x 


Note that Red Hat uses anacron to schedule daily, weekly and monthly cron jobs. 


root@rhel65:/etc# cat anacrontab 
# /etc/anacrontab: configuration file for anacron 


# See anacron(8) and anacrontab(5) for details. 


SHELL=/bin/sh 

PATH=/sbin:/bin:/usr/sbin:/usr/bin 

MATILTO=root 

# the maximal random delay added to the base delay of the jobs 
RANDOM_DELAY=45 

# the jobs will be started during the following hours only 
START_HOURS_RANGE=3-22 


#period in days delay in minutes job-identifier command 

ib 5 cron.daily nice run-parts /etc/cron.daily 

ef Zo) cron.weekly nice run-parts /etc/cron.weekly 
@monthly 45 cron.monthly nice run-parts /etc/cron.monthly 


root@rhel65:/etc# 
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16.3. practice : scheduling 


1. Schedule two jobs with at, display the at queue and remove a job. 

2. As normal user, use crontab -e to schedule a script to run every four minutes. 
3. As root, display the crontab file of your normal user. 

4. As the normal user again, remove your crontab file. 


5. Take a look at the cron files and directories in /ete and understand them. What is the run- 
parts command doing ? 
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16.4. solution : scheduling 


1. Schedule two jobs with at, display the at queue and remove a job. 


root@rhel55 ~# at 9pm today 

at> echo go to bed >> /root/todo.txt 
at> <EOT> 

Jobe Ll ale e200 =i 200 
root@rhel55 ~# at 17h31 today 

at> echo go to lunch >> /root/todo.txt 
at> <EOT> 

jielsy 2 elie AIL iil aks age Shik 
root@rhel55 ~# atq 

ey OE) a ial ge Sik ey Sctoyone 

2 OO SAS 2 00 Maa root 
root@rhel55 ~# atrm 1 

root@rhel55 ~# atq 

py OES ab alll gpa shil ee aatoyone 
root@rhel55 ~# date 

Simm Non ala esse On CE 20400) 
root@rhel55 ~# cat /root/todo.txt 
Gemcoutumicia 


2. As normal user, use crontab -e to schedule a script to run every four minutes. 
paul@rhel55 ~S crontab -e 


no crontab for paul - using an empty one 
crontab: installing new crontab 


3. As root, display the crontab file of your normal user. 


root@rhel55 ~# crontab -l -u paul 
*/4 * * * * echo ‘date* >> /home/paul/crontest.txt 


4. As the normal user again, remove your crontab file. 
paul@rhel55 ~$ crontab -r 


paul@rhel55 ~$ crontab -1l 
no crontab for paul 


5. Take a look at the cron files and directories in /ete and understand them. What is the run- 
parts command doing ? 


run-parts runs a script in a directory 
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Chapter 17. logging 


This chapter has three distinct subjects. 


First we look at login logging ; how can we find out who is logging in to the system, when 
and from where. And who is not logging in, who fails at su or ssh. 


Second we discuss how to configure the syslog daemon, and how to test it with logger. 


The last part is mostly about rotating logs and mentions the tail -f and watch commands 
for watching logs. 
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17.1. login logging 


To keep track of who is logging into the system, Linux can maintain the /var/log/wtmp, / 
var/log/btmp, /var/run/utmp and /var/log/lastlog files. 


17.1.1. /var/run/utmp (who) 


Use the who command to see the /var/run/utmp file. This command is showing you all the 
currently logged in users. Notice that the utmp file is in /var/run and not in /var/log . 


[root@rhel4 ~]# who 


paul pes/ i: Heb 14 18:20 (192. 168.1 .45) 
sandra pts/2 Heb Ae ee (ko P eG. 15542) 
inge pts/3 Rebr U4 E20 (Ug2 resis. Ss) 
els pts/4 Feb 14 14:33 (192.168.1.19) 


17.1.2. /var/log/wtmp (last) 


The /var/log/wtmp file is updated by the login program. Use last to see the /var/run/wtmp 
file. 


[root@rhel4a ~]# last | head 


paul pes/1 ABS)7A Stays} Abe As) Wed Feb 14 18:39 still logged in 
reboot system boot 2.6.9-42.0.8.ELs Wed Feb 14 18:21 (Ojalh ibis))) 
nicolas pts/5 pce-dss.telematic Wed Feb 14 12:32 - 13:06 (00:33) 
stefaan pts/3 pc-sde.telematic Wed Feb 14 12:28 - 12:40 (00:12) 
nicolas pts/3 pc-nae.telematic Wed Feb 14 11:36 - 12:21 (00:45) 
nicolas pts/3 pc-nae.telematic Wed Feb 14 11:34 - 11:36 (00:01) 
dirk pts/5 pce-dss.telematic Wed Feb 14 10:03 - 12:31 (02:28) 
nicolas pts/3 pc-nae.telematic Wed Feb 14 09:45 - 11:34 (01:48) 
dimitri pts/5 rhel4 Wed Feb 14 07:57 -— 08:38 (00:40) 
stefaan pts/4 pc-sde.telematic Wed Feb 14 07:16 - down (05:50) 


[root@rhel4a ~]# 


The last command can also be used to get a list of last reboots. 


[paul@rekkie ~]$ last reboot 
reboot system boot 2.6.16-rekkie Mon will SOMO Sta3 (370+08: 42) 


wtmp begins Tue May 30 23:11:45 2006 
[paul@rekkie ~] 
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17.1.3. /var/log/lastlog (lastlog) 


Use lastlog to see the /var/log/lastlog file. 


[root@rhel4a ~]# lastlog | tail 


tim pes 5 HORI 7O eis 22 Tue Feb 13 09:36:54 +0100 2007 
rm pts/6 rhel4 Tue Feb 13 10:06:56 +0100 2007 
henk **Never logged in** 

stefaan pts/3 pc-sde.telematic Wed Feb 14 12:28:38 +0100 2007 
dirk pts/5 pc-dss.telematic Wed Feb 14 10:03:11 +0100 2007 
arsene **Never logged in** 

nicolas pts/5 pc-dss.telematic Wed Feb 14 12:32:18 +0100 2007 
dimitri pts/5 rhel4 Wed Feb 14 07:57:19 +0100 2007 
bashuserrm pts/7 rhel4 Tue Feb 13 10:35:40 +0100 2007 
kornuserrm pts/5 rhel4 Tue Feb 13 10:06:17 +0100 2007 


[root@rhel4a ~]# 
17.1.4. /var/log/btmp (lastb) 


There is also the lastb command to display the /var/log/btmp file. This file is updated by 
the login program when entering the wrong password, so it contains failed login attempts. 
Many computers will not have this file, resulting in no logging of failed login attempts. 


[root@RHEL4b ~]# lastb 

lastb: /var/log/btmp: No such file or directory 

Perhaps this file was removed by the operator to prevent logging lastb\ 
abialaixe)y, 

[root@RHEL4b ~]# 


The reason given for this is that users sometimes type their password by mistake instead 
of their login, so this world readable file poses a security risk. You can enable bad login 
logging by simply creating the file. Doing a chmod o-r /var/log/btmp improves security. 


root@RHEL4b ~]# touch /var/log/btmp 

root@RHEL4b ~]# 11 /var/log/btmp 

Sie ——— iL seloyoye, sates (0) qwabull SiO) (Oleg il 2 /Aifeviey/ ilove; oyeniie) 
root@RHEL4b ~]# chmod o-r /var/log/btmp 

root@RHEL4b ~]# lastb 


btmp begins Mon Jul 30 06:12:19 2007 
root@RHEL4b ~]# 


Failed logins via ssh, rlogin or su are not registered in /var/log/btmp. Failed logins via tty are. 


[root@RHEL4b ~]# lastb 


HalvarFl tty3 Mon Jul 30 07:10 - 07:10 (00:00) 
Maria eieavall Mon Jule 3007-109) = 1072019) | (0100.0) 
Roberto ttyl Moni die SiO Ove 09s Oe 109s (OO O0}) 


btmp begins Mon Jul 30 07:09:32 2007 
[root@RHEL4b ~]# 
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17.1.5. su and ssh logins 


Depending on the distribution, you may also have the /var/log/secure file being filled with 
messages from the auth and/or authpriv syslog facilities. This log will include su and/or 
ssh failed login attempts. Some distributions put this in /var/log/auth.log, verify the syslog 
configuration. 


root@RHEL4b ~]# cat /var/log/secure 


[ 

Jul 30 07:09:03 sshd[4387]: Accepted publickey for paul from ::ffff:19\ 
ZO mien 2 epoOmtn S Sliccuusisin2Z 

Jul 30 05:09:03 sshd[4388]: Accepted publickey for paul from ::ffff:19\ 
Pr ARGS} 5 dL 5% jeroneie SSHLige) Sisley 

Jul 30 07:22:27 sshd[4655]: Failed password for Hermione from ::ffff:1\ 
OVA NG 5 foroiele S54 Sissy, 

Jul 30 05:22:27 sshd[4656]: Failed password for Hermione from ::ffff:1\ 
CA, Gi) os joie Seiya sisilayy 

Jul 30 07:22:30 sshd[4655]: Failed password for Hermione from ::ffff:1\ 
O22 6S eae pore SevoZ  cssine, 

Jul 30 05:22:30 sshd[4656]: Failed password for Hermione from ::ffff:1\ 
CV 5 IEG) sy (eroee Sleiyo4 Sisley 

Jul 30 07:22:33 sshd[4655]: Failed password for Hermione from ::ffff:1\ 
OVA ALG Sy, foroele SA Sisilaye, 

Jul 30 05:22:33 sshd[4656]: Failed password for Hermione from ::ffff:1\ 
AG os joie Seiyo4 sicily 

Jud SOMOS 2 sss sia OMS invalid ise re rOberntomrrome siti tl 97s WoC \ 
Oe 

Jul 30 06:27:33 sshd[5019]: input_userauth_request: invalid user rober\ 
exe) 

Jul 30 06:27:33 sshd[5019]: Failed none for invalid user roberto from \ 
og idimamie 4 LSA SIL ys) 5 IL 5) joxoete OGL Syssloi2) 

Jul 30 06:27:33 sshd[5019]: Failed publickey for invalid user roberto \ 
OMe case eto? oS oe pont Aled ssi 

Jul 30 08:27:36 sshd[5018]: Failed password for invalid user roberto f\ 
IO Meecacuinetetat we eG Ong om, nO Ombee4 NGA sisinZ, 

Jul 30 06:27:36 sshd[5019]: Failed password for invalid user roberto f\ 


petoyil S Queimiwie BIL IGS) 4 ILA) joxoueie AOA! Sisson) 
[root@RHEL4b ~]# 


You can enable this yourself, with a custom log file by adding the following line tot 
syslog.conf. 


auth *;authpiriv. ~ /var/log/customsec.log 
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17.2. syslogd 
17.2.1. about syslog 


The standard method of logging on Linux was through the syslogd daemon. Syslog was 
developed by Eric Allman for sendmail, but quickly became a standard among many 
Unix applications and was much later written as rfc 3164. The syslog daemon can receive 
messages on udp port 514 from many applications (and appliances), and can append to log 
files, print, display messages on terminals and forward logs to other syslogd daemons on 
other machines. The syslogd daemon is configured in /ete/syslog.conf. 


17.2.2. about rsyslog 


The new method is called reliable and extended syslogd and uses the rsyslogd daemon 
and the /etc/rsyslogd.conf configuration file. The syntax is backwards compatible. 


Each line in the configuration file uses a facility to determine where the message is coming 
from. It also contains a priority for the severity of the message, and an action to decide on 
what to do with the message. 


17.2.3. modules 


The new rsyslog has many more features that can be expanded by using modules. Modules 
allow for example exporting of syslog logging to a database. 


Se the manuals for more information (when you are done with this chapter). 
root@rhel65:/etc# man rsyslog.conf 


root@rhel65:/etc# man rsyslogd 
root@rhel65:/etc# 
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17.2.4. facilities 


The man rsyslog.conf command will explain the different default facilities for certain 
daemons, such as mail, lpr, news and kern(el) messages. The local0 to local7 facility can 
be used for appliances (or any networked device that supports syslog). Here is a list of all 
facilities for rsyslog.conf version 1.3. The security keyword is deprecated. 


auth (security) 
authpriv 

econ 

daemon 

ftp 

kern 

lpr mail 

mark (internal use only) 
news 

syslog 

user 

uucp 

local0-7 


17.2.5. priorities 


The worst severity a message can have is emerg followed by alert and crit. Lowest priority 
should go to info and debug messages. Specifying a severity will also log all messages with 
a higher severity. You can prefix the severity with = to obtain only messages that match that 
severity. You can also specify .none to prevent a specific action from any message from 
a certain facility. 


Here is a list of all priorities, in ascending order. The keywords warn, error and panic are 
deprecated. 


debug 

info 

notice 
warning (warn) 
err (error) 
Crit 

alert 

emerg (panic) 
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17.2.6. actions 


The default action is to send a message to the username listed as action. When the action is 
prefixed with a/ then rsyslog will send the message to the file (which can be a regular file, 
but also a printer or terminal). The @ sign prefix will send the message on to another syslog 
server. Here is a list of all possible actions. 


root, userl list of users, separated by comma's 

oe message to all logged on users 

if file (can be a printer, a console, a tty, ...) 
= file, but don't sync after every write 

| named pipe 

@ other syslog hostname 


In addition, you can prefix actions with a - to omit syncing the file after every logging. 
17.2.7. configuration 


Below a sample configuration of custom local4 messages in /etc/rsyslog.conf. 


tecal Averitt /var/log/critandabove 
local4.=crit /var/log/onlycrit 
lecal4.* /var/log/alllocal4 


17.2.8. restarting rsyslogd 


Don't forget to restart the server after changing its configuration. 


root@rhel65:/etc# service rsyslog restart 

Shutting down system logger: [ OK J] 
Starting system logger: [ OK J 
root@rhel65:/etc# 
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17.3. logger 


The logger command can be used to generate syslog test messages. You can aslo use it in 
scripts. An example of testing syslogd with the logger tool. 


[root@rhel4a ~]# logger -p local4.debug "14 debug" 
[root@rhel4a ~]# logger -p local4.crit "14 crit" 
[root@rhel4a ~]# logger -p local4.emerg "14 emerg" 
[root@rhel4a ~]# 


The results of the tests with logger. 


[root@rhel4a ~]# cat /var/log/critandabove 
Feb 14 19:55:19 rhel4a paul: 14 crit 

Feb 14 19:55:28 rhel4a paul: 14 emerg 
[root@rhel4a ~]# cat /var/log/onlycrit 

Feb 14 19:55:19 rhel4a paul: 14 crit 
[root@rhel4a ~]# cat /var/log/alllocal4 
Feb 14 19:55:11 rhel4a paul: 14 debug 

Feb 14 19:55:19 rhel4a paul: 14 crit 

Feb 14 19:55:28 rhel4a paul: 14 emerg 


[root@rhel4a ~]# 


17.4. watching logs 


You might want to use the tail -f command to look at the last lines of a log file. The -f option 
will dynamically display lines that are appended to the log. 


paul@ubu1010:~$ tail -f /var/log/udev 

SEQNUM=1741 

SOUND_INITIALIZED=1 

ID_VENDOR_FROM_DATABASE=nVidia Corporation 
ID_MODEL_FROM_DATABASE=MCP79 High Definition Audio 
ID_BUS=pci 

ID_VENDOR_ID=0x10de 

ID_MODEL_ID=0x0ac0O 

ID_PATH=pci-0000:00:08.0 
SOUND_FORM_FACTOR=internal 


You can automatically repeat commands by preceding them with the watch command. 
When executing the following: 


[root@rhel6 ~]# watch who 


Something similar to this, repeating the output of the who command every two seconds, 
will appear on the screen. 


Every 2.0s: who poor wAbtIS ihy ils she Os} 2X0 aL iL 
root teyl ZO Oy, wks 0218 

paul pts/0 PAO (0) 7 SE SRSb (Lea abeyshg I S}(0)) 
paul pts/1 AQMU—Og yf Wasik (nA. Gis oil. Sie) 
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17.5. rotating logs 


A lot of log files are always growing in size. To keep this within bounds, you may 
want to use logrotate to rotate, compress, remove and mail log files. More info on the 
logrotate command in /etc/logrotate.conf.. Individual configurations can be found in the / 
etc/logrotate.d/ directory. 


Below a screenshot of the default Red Hat logrotate.conf file. 


root@rhel65:/etc# cat logrotate.conf 
# see "man logrotate" for details 

# rotate log files weekly 

weekly 


# keep 4 weeks worth of backlogs 
rotate 4 


# create new (empty) log files after rotating old ones 
Greate 


# use date as a suffix of the rotated file 
dateext 


# uncomment this if you want your log files compressed 
#compress 


# RPM packages drop log rotation information into this directory 
include /etc/logrotate.d 


# no packages own wtmp and btmp -—- we'll rotate them here 
/var/log/wtmp { 
monthly 
create 0664 root utmp 
minsize 1M 
rotate 1 


} 


/var/log/btmp { 
missingok 
monthly 
create 0600 root utmp 
rotate 1 


# system-specific logs may be also be configured here. 
root@rhel65:/etc# 
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17.6. practice : logging 


1. Display the /var/run/utmp file with the proper command (not with cat or vi). 
2. Display the /var/log/wtmp file. 

3. Use the lastlog and lastb commands, understand the difference. 

4. Examine syslog to find the location of the log file containing ssh failed logins. 


5. Configure syslog to put local4.error and above messages in /var/log/l4e.log and local4.info 
only .info in /var/log/l4i.log. Test that it works with the logger tool! 


6. Configure /var/log/Mysu.log, all the su to root messages should go in that log. Test that 
it works! 


7. Send the local5 messages to the syslog server of your neighbour. Test that it works. 


8. Write a script that executes logger to local4 every 15 seconds (different message). Use 
tail -f and watch on your local4 log files. 
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17.7. solution : logging 


1. Display the /var/run/utmp file. 


who 


2. Display the /var/log/wtmp file. 


last 


3. Use the lastlog and lastb commands, understand the difference. 
lastlog : when users last logged on 


lastb: failed (bad) login attempts 
4. Examine syslog to find the location of the log file containing ssh failed logins. 


Answer depends on whether you machine uses syslog or rsyslog (newer). 


[root@rhel53 ~]# grep authpriv /etc/syslog.conf 
authpieiny* /var/log/secure 


[root@rhel71 ~]# grep “authpriv /etc/rsyslog.conf 
aubhpieiiv.* /var/log/secure 


paul@debian8:~$ grep “auth /etc/rsyslog.conf 
eile] al rehibhelayoueutny 5 /var/log/auth.log 


5. Configure syslog to put local4.error and above messages in /var/log/l4e.log and local4.info 
only .info in /var/log/l4i.log. Test that it works with the logger tool! 

With syslog: 

echo local4.error /var/log/14e.log >> /etc/syslog.conf 


echo local4.=info /var/log/14i.log >> /etc/syslog.conf 
service syslog restart 


With rsyslog: 
echo local4.error /var/log/14e.log >> /etc/rsyslog.conf 


echo local4.=info /var/log/14i.log >> /etc/rsyslog.conf 
service rsyslog restart 


On both: 

logger -p local4.error "14 error test" 
logger -p local4.alert "14 alert test" 
logger -p local4.info "14 info test" 


cat /var/log/14e.log 
cat /var/log/14i.log 


6. Configure /var/log/Mysu.log, all the su to root messages should go in that log. Test that 
it works! 


echo authpriv.* /var/log/Mysu.log >> /etc/syslog.conf 
This will log more than just the su usage. 


7. Send the local5 messages to the syslog server of your neighbour. Test that it works. 
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On RHELS, edit /etc/sysconfig/syslog to enable remote listening on the server. 


On RHEL7, uncomment these two lines in /etc/rsyslog.conf to enable 'UDP syslog 
reception’, 


# Provides UDP syslog reception 
$ModLoad imudp 
SUDPServerRun 514 


On Debian/Ubuntu edit /etc/default/syslog or /etc/default/rsyslog. 


on the client: logger -p local5.info "test local5 to neighbour" 


8. Write a script that executes logger to local4 every 15 seconds (different message). Use 
tail -f and watch on your local4 log files. 


root@rhel53 scripts# cat logloop 
#!/bin/bash 


for iin ‘seq 1 10° 

do 

logger -p local4.info "local4.info test number Si" 
sleep 15 

done 


root@rhel53 scripts# chmod +x logloop 

root@rhel53 scripts# ./logloop & 

[1] 8264 

root@rhel53 scripts# tail -f /var/log/local4.all.log 
Mar 28 13:13:36 rhel53 root: local4.info test number 1 
Mar 28 13:13:51 rhel53 root: local4.info test number 2 
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Chapter 18. memory management 


This chapter will tell you how to manage RAM memory and cache. 


We start with some simple tools to display information about memory: free -om, top and 
cat /proc/meminfo. 


We continue with managing swap space, using terms like swapping, paging and virtual 
memory. 


The last part is about using vmstat to monitor swap usage. 
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18.1. displaying memory and cache 


18.1.1. /proc/meminfo 


Displaying /proc/meminfo will tell you a lot about the memory on your Linux computer. 


paul@ubul1010:~$ cat /proc/meminfo 


MemTotal: 3830176 kB 
MemF ree: 244060 kB 
Buffers: 41020 kB 
Cached: 2035292 kB 
SwapCached: 9892 kB 


The first line contains the total amount of physical RAM, the second line is the unused RAM. 
Buffers is RAM used for buffering files, cached is the amount of RAM used as cache and 
SwapCached is the amount of swap used as cache. The file gives us much more information 
outside of the scope of this course. 


18.1.2. free 


The free tool can display the information provided by /proc/meminfo in a more readable 
format. The example below displays brief memory information in megabytes. 


paul@ubu1l010:~$ free -om 


total used free shared buffers cached 
Mem: 3740 35119) Fafa Ak 0 42 1994 
Swap: 6234 82 6152 


18.1.3. top 


The top tool is often used to look at processes consuming most of the cpu, but it also displays 
memory information on line four and five (which can be toggled by pressing m). 


Below a screenshot of top on the same ubu1010 from above. 


top -— 10:44:34 up 16 days, 9:56, 6 users, load average: 0.13, 0.09, 0.12 
Tasks: 166 total, 1 running, 165 sleeping, 0 stopped, 0 zombie 


Cpu(s): 5.1%us, 4.6%sy, 0.6%ni, 88.7%id, 0.8%wa, 0.0%hi, 0.3%si, 0.0%st 
Mem: S3830176k total, 3613720k used, 216456k free, 45452k buffers 
Swap: 6384636k total, 84988k used, 6299648k free, 2050948k cached 
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18.2. managing swap space 


18.2.1. about swap space 


When the operating system needs more memory than physically present in RAM, it can use 
swap space. Swap space is located on slower but cheaper memory. Notice that, although 
hard disks are commonly used for swap space, their access times are one hundred thousand 
times slower. 


The swap space can be a file, a partition, or a combination of files and partitions. You can 
see the swap space with the free command, or with cat /proc/swaps. 


paul@ubul010:~$ free -o | grep -v Mem 


total used free shared buffers cached 
Swap: 6384636 84988 6299648 
paul@ubul1010:~$ cat /proc/swaps 
Filename Type Size Used PRUE Y, 
/dev/sda3 partition 6384636 84988 -1 


The amount of swap space that you need depends heavily on the services that the computer 
provides. 


18.2.2. creating a swap partition 


You can activate or deactivate swap space with the swapon and swapoff commands. New 
swap space can be created with the mkswap command. The screenshot below shows the 
creation and activation of a swap partition. 


root @RHELv4u4:~# fdisk -1 2> /dev/null | grep hda 
Disk /dev/hda: 536 MB, 536870912 bytes 


/dev/hdal al 1040 524128+ 83 Linux 
root @RHELv4u4:~# mkswap /dev/hdal 
Setting up swapspace version 1, size = 536702 kB 


root@RHELv4u4:~# swapon /dev/hdal 


Now you can see that /proc/swaps displays all swap spaces separately, whereas the free - 
om command only makes a human readable summary. 


root@RHELv4u4:~# cat /proc/swaps 


Filename Type Size Used Piel Orilcy. 
/dev/mapper/VolGroup00-LogVol01 partition 1048568 0 =i 
/dev/hdal partition 524120 0 -2 
root@RHELv4u4:~# free -om 

total used free shared buffers cached 
Mem: 249 245 4 0) 125 54 
Swap: T53'5 0 L53/5 
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18.2.3. creating a swap file 


Here is one more example showing you how to create a swap file. On Solaris you can use 
mkfile instead of dd. 


root @RHELv4u4:~# dd if=/dev/zero of=/smallswapfile bs=1024 count=4096 
4096+0 records in 

4096+0 records out 

root@RHELv4u4:~# mkswap /smallswapfile 

Setting up swapspace version 1, size = 4190 kB 

root@RHELv4u4:~# swapon /smallswapfile 

root@RHELv4u4:~# cat /proc/swaps 


Filename Type Size Used Priority 
/dev/mapper/VolGroup00-LogVol01 partition 1048568 0 =i) 
/dev/hdal partition 524120 0 -2 
/smallswapfile file 4088 0 =3 


18.2.4. swap space in /etc/fstab 


If you like these swaps to be permanent, then don't forget to add them to /etc/fstab. The 
lines in /etc/fstab will be similar to the following. 


/dev/hdal swap swap defaults 
/smallswapfile swap swap defaults 


Sne) 
Se 
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18.3. monitoring memory with vmstat 


You can find information about swap usage using vmstat. 


Below a simple vmstat displaying information in megabytes. 


paul@ubu1010:~$ vmstat -S m 


procs memory swap 16) system cpu 
r b swpd free buff cache si so leak bo aka cs us sy id wa 
0 0 87 Dens) 46 2097 0 0) Z 5 14 Sp nOunr on CON! 


Below a sample vmstat when (in another terminal) root launches a find /. It generates a lot 
of disk i/o (bi and bo are disk blocks in and out). There is no need for swapping here. 


paul@ubu1010:~$ vmstat 2 100 


procs memory swap io system cpu 
1g 10) swpd free buff cache si so bi bo in cs us sy id wa 
0 O 84984 1999436 53416 269536 0 0 2 5 2 IO G2 SSO ek 
0 O 84984 1999428 53416 269564 0 0 0 O lis 2748 45 492, “0 
0 O 84984 1999552 53416 269564 0 0 0) 0 1672 1838 4 6 90 0 
0 O 84984 1999552 53424 269560 0 0 0 4 TSs8ii 25260 55° 7 387 2 
0 O 84984 1999180 53424 269580 0 0) 0 100 1748 2193 4 6 91 0 
1 O 84984 1997800 54508 269760 0 0 610 0 1836 3890 17 10 68 4 
1 0 84984 1994620 55040 269748 0 0) 20) 168 1724 4365 19 17 56 9 
O 1 84984 1978508 55292 269704 0 0 126 Ms Ae 1s) ie Be 4 
0 O 84984 1974608 58964 269784 0 OS AG 478 2605 4355 7 7 44 41 
O 2 84984 1971260 62268 269728 0 0 1634 UNS ARs seiSe) Wy) Zh 7) Ss!) 


Below a sample vmstat when executing (on RHEL6) a simple memory leaking program. 
Now you see a lot of memory being swapped (si is 'swapped in’). 


[paul@rhel6c ~]$ vmstat 2 100 


procs memory swap io system cpu 
™ ib swpd free buff cache si so pat bo aera cs us sy id wa st 
ON 3245208 52510 28 Zee eA Ge AiG 0 0 42 27 Pal (oy al Gey ale 
0 2 263372 4800 72 908 143840 128 0 1138 462 191 210 0 88 0 
183 3506.2 47.92 56 OA ISA Boe © log, soo ive i is 0 Be © 
1 4 449584 4788 56 1024 95880 64 0 COG 47 Sal ES 008 5 6 
0 4 471968 4828 56 1140 44832 80 0 SO 2 S15) Noy 2 A Oat © 
3 5 505960 4764 56 1136 68008 16 0 bse Ae iOS, diez © sr © 


The code below was used to simulate a memory leak (and force swapping). This code was 
found on wikipedia without author. 


paul@mac:~$ cat memleak.c 
#include <stdlib.h> 


int main (void) 

{ 
while (malloc(50)); 
return 0; 
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18.4. practice : memory 


1. Use dmesg to find the total amount of memory in your computer. 

2. Use free to display memory usage in kilobytes (then in megabytes). 

3. Ona virtual machine, create a swap partition (you might need an extra virtual disk for this). 
4, Add a 20 megabyte swap file to the system. 


5. Put all swap spaces in /etc/fstab and activate them. Test with a reboot that they are 
mounted. 


6. Use free to verify usage of current swap. 


7. (optional) Display the usage of swap with vmstat and free -s during a memory leak. 
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18.5. solution : memory 


1. Use dmesg to find the total amount of memory in your computer. 

dmesg | grep Memory 

2. Use free to display memory usage in kilobytes (then in megabytes). 

free ; free -m 

3. On a virtual machine, create a swap partition (you might need an extra virtual disk for this). 
mkswap /dev/sddl ; swapon /dev/sddl1 


4. Add a 20 megabyte swap file to the system. 


dd if=/dev/zero of=/swapfile20mb bs=1024 count=20000 
mkswap /swapfile20mb 
swapon /swapfile20mb 


5. Put all swap spaces in /etc/fstab and activate them. Test with a reboot that they are 
mounted. 


root@computer# tail -2 /etc/fstab 
/dev/sdd1 swap swap defaults 0 0 
/swapfile20mb swap swap defaults 0 0 


6. Use free to verify usage of current swap. 


free -om 


7. (optional) Display the usage of swap with vmstat and free -s during a memory leak. 
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Chapter 19. resource monitoring 


Monitoring is the process of obtaining information about the utilization of memory, cpu, 
bandwidth and storage. You should start monitoring your system as soon as possible, to be 
able to create a baseline. Make sure that you get to know your system! This baseline is 
important because it allows you to see a steady or sudden growth in resource utilization 
and likewise steady (or sudden) decline in resource availability. It will allow you to plan 
for scaling up or scaling out. 


Let us look at some tools that go beyond ps fax, df -h, free -om and du -sh. 
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19.1. four basic resources 


The four basic resources to monitor are: 


* cpu 
* network 

* ram memory 
* storage 


19.2. top 


To start monitoring, you can use top. This tool will monitor ram memory, cpu and swap. Top 
will automatically refresh. Inside top you can use many commands, like k to kill processes, 
or t and m to toggle displaying task and memory information, or the number 1 to have one 
line per cpu, or one summary line for all cpu's. 


EOpy — 1223 oe Mp 2s days, 4:01, 2 users, load average: 0.00, 0.00, 0.00 
Tasks: 61 total, 1 running, 60 sleeping, 0 stopped, 0 zombie 
Courts) 0.3% us, Ona ty7, sky iaal, Selacis aucl Wy aes Wiel, (pW Jaa (SOEs ial 


Mem: 255972k total, 240952k used, 15020k free, 59024k buffers 
Swap: 524280k total, 144k used, 524136k free, 112356k cached 
PID USER PR NI VIRT RES SHR S SCPU %MEM TIME+ COMMAND 

1 root 16 O 2816 560 480 S 0507 O02 OS OO suk asaatie 

2 root 34 19 0 0 0S M20 O70) 0:00.01 ksoftirqd/0 

Sy alevoue 5 0 0 0 CES] LOS0) 070 0:00.57 events/0 

4 root 3) 10) 0 0 OS) Weel O50) 0:00.00 khelper 

5 root is) =i10) 0 0 OFS OO O06 0:00.00 kacpid 

16 root Ss 110) 0 0 OS O00" (050 0:00.08 kblockd/0 

26 root 15 0 0 0 OS Or Oe OO 0:02.86 pdflush 


You can customize top to display the columns of your choice, or to display only the processes 
that you find interesting. 


[paul@RHELv4u3 ~]$ top p 3456 p 8732 p 9654 


19.3. free 


The free command is common on Linux to monitor free memory. You can use free to display 
information every x seconds, but the output is not ideal. 


[paul@RHELv4u3 gen]$ free -om -s 10 


total used free shared buffers cached 

Mem: 249 DDE ZAI 0 50 109 
Swap: lal 0 5d 1 

total used free shared buffers cached 

Mem: 249 DDE 2a 0 50 109 
Swap: oyikal 0) Gull 


[paul@RHELv4u3 gen]$ 
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19.4. watch 


It might be more interesting to combine free with the watch program. This program can run 
commands with a delay, and can highlight changes (with the -d switch). 


[paul@RHELv4u3 ~]$ watch -d -n 3 free -om 


Every 3.0s: free -om Sielic Wea Ay ILS sig 0s) 21100) 7/ 


total used free shared buffers cached 
Mem: 249 230 ig) 0 56 109 
Swap: oil 0 Sila 


19.5. vmstat 


To monitor CPU, disk and memory statistics in one line there is vmstat. The screenshot 
below shows vmstat running every two seconds 100 times (or until the Ctrl-C). Below the 
r, you see the number of processes waiting for the CPU, sleeping processes go below b. 
Swap usage (swpd) stayed constant at 144 kilobytes, free memory dropped from 16.7MB 
to 12.9MB. See man vmstat for the rest. 


[paul@RHELv4u3 ~]$ vmstat 2 100 
procs memory swap i(6) system cpu 


rb  swpd free buff cache si so bi bo aLial cs us sy id wa 
0 0 144 16708 58212 111612 0 0 S 4 iS) C2 10 E990 
0 O 144 16708 58212 111612 0 0 0 Oo 7is 22 OO OOO 
0 O 144 16708 58212 111612 0 0 0 0 958 1 @ i 2 0 
iL AAS ANS Aiss ysi2e ibaLSibZ 0 0 0 POMS all S266 0) 
1 0 144 16468 58212 111612 0 0 0 0 2910 20048 4 95 1 0 
L 0 144 16408 58212 111612 0 0 0 O S20 LOS 09 4.97 0) 0 
L © 144 15568 58816 111612 0 O SOO) Wess Aalze ole 2 62 0 SG 
Oo) ol 144 13648 60324 111612 0 0 7a4 ORRES ORAS ae ee Ot, 
0 0 144 12928 60948 111612 0 0 312 418 1346 1258 0 14 57 29 
0 O 144 12928 60948 111612 0 0 0 Oo 977 LS (0) Ol Oley 6) 
0 O 144 12988 60948 111612 0 0 0 OQ yy ESO OOOO 
0 O 144 12988 60948 111612 0 0 0 Om oe 18 0 0 100 0 


[paul@RHELv4u3 ~]$ 
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19.6. iostat 


The iostat tool can display disk and cpu statistics. The -d switch below makes iostat only 
display disk information (500 times every two seconds). The first block displays statistics 
since the last reboot. 


[paul@RHELv4u3 ~]$ iostat -d 2 500 


Linux 2.6.9-34.EL (RHELV4u3.localdomain) OL / 27 / 2OO7 

Device: tps Blk_read/s Blk_wrtn/s Blk_read Blk_wrtn 
hdc 0.00 Om Om 0.00 1080 0 
sda OR S2 Op. O os 941798 1445148 
sdal 0.00 OF Om 0.00 968 4 
sda2 iS DE 016 tes US 939862 1445144 
dm-0O f..13 EOS salen, 939034 1444856 
dm-1 0.00 0.00 0.00 360 288 
Device: tps Blk_read/s Blk_wrtn/s Blk_read Blk_wrtn 
hdc 0.00 0.00 0.00 0 0 
sda 0.00 0.00 0.00 0 0 
sdal 0.00 OF 010 0.00 0 0 
sda2 0.00 OR OW 0.00 0 0) 
dm-0O 0.00 0.00 0.00 0 0 
dm-1 0.00 0.00 0.00 0 0 


[paul@RHELv4u3 ~]$ 


You can have more statistics using iostat -d -x, or display only cpu statistics with iostat -c. 


[paul@RHELv4u3 ~]$ iostat -c 5 500 


Linux 2.6.9-34.EL (RHELV4u3.localdomain) OL / 29 / 2OO 7 
avg-cpu: %user Snice Ssys Siowait Sidle 
O..31 O202 O252 O223 W892 

avg-cpu: %user Snice Ssys Siowait Sidle 
0.62 0.00 526 AG eS) 0.00 

avg-cpu: %user Snice Ssys Siowait Sidle 
22 0.00 36.95 60). 13 0.00 

avg-cpu: %user Snice Ssys Siowait Sidle 
On63: 0.00 S665 622 0.42 

avg-cpu: %user Snice Ssys Siowait Sidle 
0.00 0.00 O2Z0 0220 9959 


[paul@RHELv4u3 ~]$ 
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19.7. mpstat 


On multi-processor machines, mpstat can display statistics for all, or for a selected cpu. 


paul@laika:~$ mpstat -P ALL 
Linux 2.6.20-3-generic (laika) 02/09/2007 


CPU %Suser %nice Ssys Siowait Sirg Ssoft %steal Sidle aliolere // 
ale We e7. 0.03 137 103 OR02 O239 0.00 95.40 1304). 9/1 
OF Ls On02 1.47 oS 0.04 One) 0.00 4045) L304 9i 
ab thal 0.03 12 ORS 0.00 0.00 0.00 Gnu OF00 


paul@laika:~s 


19.8. sade and sar 


The sadc tool writes system utilization data to /var/log/sa/sa??, where ?? is replaced with 
the current day of the month. By default, cron runs the sal script every 10 minutes, the sal 
script runs sadc for one second. Just before midnight every day, cron runs the sa2 script, 
which in turn invokes sar. The sar tool will read the daily data generated by sadc and put it 
in /var/log/sa/sar??. These sar reports contain a lot of statistics. 


You can also use sar to display a portion of the statistics that were gathered. Like this example 
for cpu statistics. 


[paul@RHELv4u3 sa]$ sar -u head 


Linux 2.6.9-34.EL (RHELV4u3.localdomain) CMA 72.0 OFF 

1200202 AM (e210) Suser Snice Ssystem Siowait Sidle 
12:10:01 AM eulal 0.48 (0), tal 0.60 0.04 M3587 
12:20:01 AM eal 0.49 Oom 0.60 0.06 98.84 
HAs SOis Olle AM all 0.49 Oxon 0.64 O25 98.62 
12:40:02 AM all 0.44 Oe onl O62 0.07 OS e6 
12 5 Ol Oe AM zy 0.42 ORonl ORO OE alto) Mad 7 
01:00:01 AM elbal 0.47 OS oal O65 0.08 98.80 
ON LO OH AM all 0.45 Oak 0.68 0.08 Ne Ws 


[paul@RHELv4u3 sa]$ 


There are other useful sar options, like sar -I PROC to display interrupt activity per interrupt 
and per CPU, or sar -r for memory related statistics. Check the manual page of sar for more. 


224 


resource monitoring 


19.9. ntop 


The ntop tool is not present in default Red Hat installs. Once run, it will generate a very 
extensive analysis of network traffic in html on http://localhost:3000 . 


19.10. iftop 


The iftop tool will display bandwidth by socket statistics for a specific network device. Not 
available on default Red Hat servers. 


1.91Mb 3.81Mb 5.72Mb 7.63Mb 9.54Mb 
| | | | | 
laika.local => barry 4.94Kb 6.65Kb 69.9Kb 
— 7.41Kb 16.4Kb 766Kb 
laika.local => ik-in-f19.google.com Ob 1.58Kb 14.4Kb 
<= Ob 292b 41.0Kb 
laika.local => ik-in-f£99.google.com Ob SSb 4.01Kb 
— Ob 83b 39.8Kb 
laika.local => ug-in-f£189.google.com Ob 42b 664b 
<= Ob 42b 406b 
laika.local => OO 0,33 Ob Ob 149b 
— Ob Ob 256b 
laika.local ee OrO meen Ob Ob 86b 
<= Ob Ob Ob 
laika.local => ik-in-f83.google.com Ob Ob 39b 
— Ob Ob Zilli 


19.11. iptraf 


Use iptraf for a colourful display of ip traffic over the network cards. 


[root@centos65 ~]# iptraf 
[root@centos65 ~]# iptraf -i eth0O 
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19.12. nmon 


Another popular and all round tool is nmon. 


mon—14q [H for help] 


CPU Utilisation 


Idle|@ 
1| 
UUUUUUUUUUUUUUU UU 
J UUUUUUUUUUUU UU UU UU UU 


UUUUUUUUUUUUUUUUUUUUUUUUU UU UU UU 
UUUUUUUUUUUUUUUU UU UU UU UU UU} 


19.13. htop 


You can use htop instead of top. 


: 83, 167 thr; 1 running 
verage: 0.34 0.26 
ime: 05:13:63 


+ MEMS Tet Command 
/usr/lib/virtualbox/Vir 
htop 
xfce4-terminal 
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/usr/lib/virtualbox/VBo 
/usr/lib/virtualbox/Vir 
xfdesktop --display :0. 
/usr/lib/virtualbox/VBo 
/usr/lib/virtualbox/VBo 
tmux 
xfwm4 --display :0.0 -- 
/usr/lib/virtualbox/Vir 
3M 8592 x-session-manager 

105M 41668 30172 de vik Aa Seulement ldgtl 

@ 491M 19132 12936 8 xfce4-panel --display : 
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Chapter 20. package management 


Most Linux distributions have a package management system with online repositories 
containing thousands of packages. This makes it very easy to install and remove applications, 
operating system components, documentation and much more. 


We first discuss the Debian package format .deb and its tools dpkg, apt-get and aptitude. 
This should be similar on Debian, Ubuntu, Mint and all derived distributions. 


Then we look at the Red Hat package format .rpm and its tools rpm and yum. This should 
be similar on Red Hat, Fedora, CentOS and all derived distributions. 
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20.1. package terminology 
20.1.1. repository 


A lot of software and documentation for your Linux distribution is available as packages 
in one or more centrally distributed repositories. These packages in such a repository are 
tested and very easy to install (or remove) with a graphical or command line installer. 


20.1.2. .deb packages 


Debian, Ubuntu, Mint and all derivatives from Debian and Ubuntu use .deb packages. To 
manage software on these systems, you can use aptitude or apt-get, both these tools are 
a front end for dpkg. 


20.1.3. .rpm packages 


Red Hat, Fedora, CentOS, OpenSUSE, Mandriva, Red Flag and others use .rpm packages. 
The tools to manage software packages on these systems are yum and rpm. 


20.1.4. dependency 


Some packages need other packages to function. Tools like apt-get, aptitude and yum will 
install all dependencies you need. When using dpkg or rpm, or when building from source, 
you will need to install dependencies yourself. 


20.1.5. open source 


These repositories contain a lot of independent open source software. Often the source code 
is customized to integrate better with your distribution. Most distributions also offer this 
modified source code as a package in one or more source repositories. 


You are free to go to the project website itself (samba.org, apache.org, github.com, ...) an 
download the vanilla (= without the custom distribution changes) source code. 
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20.1.6. GUI software management 


End users have several graphical applications available via the desktop (look for 'add/remove 
software’ or something similar). 


Below a screenshot of Ubuntu Software Center running on Ubuntu 12.04. Graphical tools 
are not discussed in this book. 


Ubuntu Software Center 


Science & Engineering 


& as nf = 


Ma 


Computer 
Astronomy Biology Chemistry Science & Electronics Engineering 
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@ ) 2% » 
Geography Geology Mathematics Physics All 272 
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kk KKK 278) kkKKK (19 kkk KK 40) kkk KK (78) 
Free Free Free Free 
{) Acommand-line driven i... - Tux Math Gnumeric Spreadsheet Celestia (GNOME) 
System As Mathematics Mathematics e. Astronomy 
KKK KK (12) kkkKK 26) kk KKK 40) kkk KI 49) 
Free Free Free Free 
Extcalc GNU Octave Kig oN KStars 
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20.2. deb package management 
20.2.1. about deb 


Most people use aptitude or apt-get to manage their Debian/Ubuntu family of Linux 
distributions. Both are a front end for dpkg and are themselves a back end for synaptic and 
other graphical tools. 


20.2.2. dpkg -I 


The low level tool to work with .deb packages is dpkg. Here you see how to obtain a list 
of all installed packages on a Debian server. 


root@debian6:~# dpkg -1l | we -l 
265 


Compare this to the same list on a Ubuntu Desktop computer. 


root@ubul204~# dpkg -1 | we -1 
2527 


20.2.3. dpkg -I $package 


Here is an example on how to get information on an individual package. The ii at the 
beginning means the package is installed. 


root@debian6:~# dpkg -l rsync | tail -1 | tr -s '' 
ii rsync 3.0.7-2 fast remote file copy program (like rcp) 


20.2.4. dpkg -S 


You can find the package that installed a certain file on your computer with dpkg -S. This 
example shows how to find the package for three files on a typical Debian server. 


root@debian6:~# dpkg -S /usr/share/doc/tmux/ /etc/ssh/ssh_config /sbin/ifconfig 
tmux: /usr/share/doc/tmux/ 

openssh-client: /etc/ssh/ssh_config 

net-tools: /sbin/ifconfig 


20.2.5. dpkg -L 


You can also get a list of all files that are installed by a certain program. Below is the list 
for the tmux package. 


root@debian6:~# dpkg -L tmux 
ie 
/etc 

/etc/init.d 
/etc/init.d/tmux-cleanup 

/usr 

/usr/share 

/usr/share/lintian 
/usr/share/lintian/overrides 
/usr/share/lintian/overrides/tmux 
/usr/share/doc 
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/usr/s 
/usr/s 
/usr/s 
/usr/s 
/usr/s 
/usr/s 
/usr/s 
/usr/s 
/usr/s 
/usr/s 
/usr/s 
/usr/s 
/usr/s 
/usr/s 
/usr/s 
/usr/s 


hare/doc/ 
hare/doc/ 
hare/doc/ 
hare/doc/ 
hare/doc/ 
hare/doc/ 
hare/doc/ 
hare/doc/ 
hare/doc/ 
hare/doc/ 
hare/doc/ 
hare/doc/ 
hare/doc/ 
hare/doc/ 
hare/doc/ 
hare/man 


tmux 

tmux/TODO.gz 

tmux/FAQ.gz 
tmux/changelog.Debian.gz 
tmux/NEWS .Debian.gz 
tmux/changelog.gz 
tmux/copyright 

tmux/examples 
tmux/examples/tmux.vim.gz 
tmux/examples/h-boetes.conf 
tmux/examples/n-marriott.conf 
tmux/examples/screen-keys.conf 
tmux/examples/t-—williams.conf 
tmux/examples/vim-keys.conf 
tmux/NOTES 


/usr/share/man/manl 


/usr/s 


hare/man/ 


/usr/bin 
/usr/bin/tmux 


20.2.6. dpkg 


You could use dpkg -i to install a package and dpkg -r to remove a package, but you'd have 
to manually keep track of dependencies. Using apt-get or aptitude is much easier. 


manl/tmux.1.gz 
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20.3. apt-get 


Debian has been using apt-get to manage packages since 1998. Today Debian and 
many Debian-based distributions still actively support apt-get, though some experts claim 
aptitude is better at handling dependencies than apt-get. 


Both commands use the same configuration files and can be used alternately; whenever you 
see apt-get in documentation, feel free to type aptitude. 


We will start with apt-get and discuss aptitude in the next section. 
20.3.1. apt-get update 


When typing apt-get update you are downloading the names, versions and short description 
of all packages available on all configured repositories for your system. 


In the example below you can see some repositories at the url be.archive.ubuntu.com 
because this computer was installed in Belgium. This url can be different for you. 


root@ubul204~# apt-get update 

Ign http://be.archive.ubuntu.com precise InRelease 

Ign http://extras.ubuntu.com precise InRelease 

Ign http://security.ubuntu.com precise-security InRelease 
Ign http://archive.canonical.com precise InRelease 

Ign http://be.archive.ubuntu.com precise-updates InReleas 


Hit http://be.archive.ubuntu.com precise-backports/main Translation-en 

Hit http://be.archive.ubuntu.com precise-backports/multiverse Translation-en 
Hit http://be.archive.ubuntu.com precise-backports/restricted Translation-en 
Hit http://be.archive.ubuntu.com precise-backports/universe Translation-en 
Fetched 13.7 MB in 8s (1682 kB/s) 

Reading package lists... Done 

root @mac~# 


Run apt-get update every time before performing other package operations. 


20.3.2. apt-get upgrade 


One of the nicest features of apt-get is that it allows for a secure update of all software 
currently installed on your computer with just one command. 


root@debian6:~# apt-get upgrade 

Reading package lists... Done 

Building dependency tree 

Reading state information... Done 

QO upgraded, 0 newly installed, 0 to remove and 0 not upgraded. 
root @debian6:~# 


The above screenshot shows that all software is updated to the latest version available for 
my distribution. 


20.3.3. apt-get clean 


apt-get keeps a copy of downloaded packages in /var/cache/apt/archives, as can be seen 
in this screenshot. 
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root@ubul204~# 1s /var/cache/apt/archives/ | head 
accountsservice_0.6.15-2ubuntu9.4_1386.deb 
apport_2.0.1-Oubuntul4_all.deb 

apport-—gtk_2.0.1-Oubuntul4_all.deb 
apt_0.8.16~exp1l2ubuntul10.3_i386.deb 
apt-transport-—https_0.8.16~expl2ubuntul0.3_i386.deb 
apt-utils_0.8.16~expl2ubuntul0.3_i386.deb 
bind9-host_1%3a9.8.1.dfsg.P1—4ubuntu0.4_i386.deb 
chromium—browser_20.0.1132.47~r144678-Oubuntu0.12.04.1_1386.deb 
chromium—browser-110n_20.0.1132.47~r144678-Oubuntu0.12.04.1_all.deb 
chromium—codecs-—ffmpeg_20.0.1132.47~r144678-Oubuntu0.12.04.1_i386.deb 


Running apt-get clean removes all .deb files from that directory. 


root@ubul204~# apt-get clean 
root@ubul204~# ls /var/cache/apt/archives/*.deb 
ls: cannot access /var/cache/apt/archives/*.deb: No such file or directory 


20.3.4. apt-cache search 


Use apt-cache search to search for availability of a package. Here we look for rsync. 


root@ubul204~# apt-cache search rsync | grep “rsync 
rsync — fast, versatile, remote (and local) file-copying tool 
rsyncrypto - rsync friendly encryption 


20.3.5. apt-get install 


You can install one or more applications by appending their name behind apt-get install. 
The screenshot shows how to install the rsyne package. 


root@ubul204~# apt-get install rsync 
Reading package lists... Done 
Building dependency tree 
Reading state information... Done 
The following NEW packages will be installed: 
rsync 
0 upgraded, 1 newly installed, 0 to remove and 8 not upgraded. 
Need to get 299 kB of archives. 
After this operation, 634 kB of additional disk space will be used. 
Get:1 http://be.archive.ubuntu.com/ubuntu/ precise/main rsync i386 3.0.9-lubuntul [299 kB] 
Fetched 299 kB in Os (740 kB/s) 
Selecting previously unselected package rsync. 
(Reading database ... 323649 files and directories currently installed.) 
Unpacking rsync (from .../rsync_3.0.9-lubuntul_i386.deb) 
Processing triggers for man-db 
Processing triggers for ureadahead 
Setting up rsync (3.0.9-lubuntul) 
Removing any system startup links for /etc/init.d/rsync 
root @ubul204~# 


20.3.6. apt-get remove 


You can remove one or more applications by appending their name behind apt-get remove. 
The screenshot shows how to remove the rsync package. 


root@ubul204~# apt-get remove rsync 
Reading package lists... Done 
Building dependency tree 

Reading state information... Done 
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The following packages will be REMOVED: 
rsync ubuntu-standard 

0 upgraded, 0 newly installed, 2 to remove and 8 not upgraded. 
After this operation, 692 kB disk space will be freed. 
Do you want to continue [Y/n]? 

(Reading database ... 323681 files and directories currently installed.) 
Removing ubuntu-standard 
Removing rsync 

* Stopping rsync daemon rsync 
Processing triggers for ureadahead 
Processing triggers for man-db 
root@ubul204~# 


Note however that some configuration information is not removed. 


root@ubul204~# dpkg -l1 rsync | tail -1 | tr -s'''' 
re rsync 3.0.9-lubuntul fast, versatile, remote (and local) file-copying tool 


20.3.7. apt-get purge 


You can purge one or more applications by appending their name behind apt-get purge. 
Purging will also remove all existing configuration files related to that application. The 
screenshot shows how to purge the rsync package. 


root@ubul204~# apt-get purge rsync 
Reading package lists... Done 
Building dependency tree 
Reading state information... Done 
The following packages will be REMOVED: 
eS yAnvers 
0 upgraded, 0 newly installed, 1 to remove and 8 not upgraded. 
After this operation, 0 B of additional disk space will be used. 
Do you want to continue [Y/n]? 
(Reading database ... 323651 files and directories currently installed.) 
Removing rsync 
Purging configuration files for rsync 
Processing triggers for ureadahead 
root@ubul204~# 


Note that dpkg has no information about a purged package, except that it is uninstalled and 
no configuration is left on the system. 


root@ubul204~# dpkg -l rsync | tail -1 | tr -s'' '' 
un rsync <none> (no description available) 
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20.4. aptitude 


Most people use aptitude for package management on Debian, Mint and Ubuntu systems. 
To synchronize with the repositories. 

aptitude update 

To patch and upgrade all software to the latest version on Debian. 

aptitude upgrade 

To patch and upgrade all software to the latest version on Ubuntu and Mint. 

aptitude safe-upgrade 

To install an application with all dependencies. 


aptitude install Spackage 


To search the repositories for applications that contain a certain string in their name or 
description. 


aptitude search $string 


To remove an application. 


aptitude remove Spackage 


To remove an application and all configuration files. 


aptitude purge Spackage 
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20.5. apt 


Both apt-get and aptitude use the same configuration information in /etc/apt/. Thus adding 
a repository for one of them, will automatically add it for both. 


20.5.1. /etc/apt/sources.list 


The resource list used by apt-get and aptitude is located in /etc/apt/sources.list. This file 
contains a list of http or ftp sources where packages for the distribution can be downloaded. 


This is what that list looks like on my Debian server. 
root@debian6:~# cat /etc/apt/sources.list 

deb http://ftp.be.debian.org/debian/ squeeze main 
deb-src http://ftp.be.debian.org/debian/ squeeze main 


deb http://security.debian.org/ squeeze/updates main 
deb-src http://security.debian.org/ squeeze/updates main 


# Squeeze-updates, previously known as 'volatile' 


deb http://ftp.be.debian.org/debian/ squeeze-updates main 
deb-src http://ftp.be.debian.org/debian/ squeeze-updates main 


On my Ubuntu there are four times as many online repositories in use. 


root@ubul204~# we -1 /etc/apt/sources.list 
63 /etc/apt/sources.list 


There is much more to learn about apt, explore commands like add-apt-repository, apt- 
key and apropos apt. 


236 


package management 


20.6. rpm 
20.6.1. about rpm 


The Red Hat package manager can be used on the command line with rpm or in a graphical 
way going to Applications--System Settings--Add/Remove Applications. Type rpm --help 
to see some of the options. 


Software distributed in the rpm format will be named foo-version.platform.rpm . 


20.6.2. rpm -qa 


To obtain a list of all installed software, use the rpm -qa command. 


[root@RHEL52 ~]# rpm -ga | grep samba 
system-config-samba-1.2.39-1.e15 
samba-3.0.28-1.e15_2.1 
samba-client-3.0.28-1.e15_2.1 
samba-common-3.0.28-1.e15_2.1 


20.6.3. rpm -q 


To verify whether one package is installed, use rpm -q. 


root@RHELv4u4:~# rpm -q gcc 
Gieec=sin456—3 

root@RHELv4u4:~# rpm -q laika 
package laika is not installed 


20.6.4. rom -Uvh 


To install or upgrade a package, use the -Uvh switches. The -U switch is the same as -i 
for install, except that older versions of the software are removed. The -vh switches are for 
nicer output. 


root@RHELv4u4:~# rpm —-Uvh gcc-3.4.6-3 
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20.6.5. rpm -e 


To remove a package, use the -e switch. 


root@RHELv4u4:~# rpm -e gcc-3.4.6-3 


rpm -e verifies dependencies, and thus will prevent you from accidentailly erasing packages 
that are needed by other packages. 


[root@RHEL52 ~]# rpm -e gcc-4.1.2-42.e15 

error: Failed dependencies: 

gcc = 4.1.2-42.e15 is needed by (installed) gcc-c++-4.1.2-42.e15.1386 

gee 4.1.2-42.e15 is needed by (installed) gcc-gfortran—4.1.2-42.e15.1386 
gcc is needed by (installed) systemtap-0.6.2-1.e15_2.2.1386 


20.6.6. /var/lib/rpm 


The rpm database is located at /var/lib/rpm. This database contains all meta information 
about packages that are installed (via rpm). It keeps track of all files, which enables complete 
removes of software. 


20.6.7. rpm2cpio 


We can use rpm2cpio to convert an rpm to a cpio archive. 


[root@RHEL53 ~]# file kernel.src.rpm 

kernel.src.rpm: RPM v3 src PowerPC kernel-2.6.18-92.1.13.e15 
[root@RHEL53 ~]# rpm2cpio kernel.src.rpm > kernel.cpio 
[root@RHEL53 ~]# file kernel.cpio 

kernel.cpio: ASCII cpio archive (SVR4 with no CRC) 


But why would you want to do this ? 


Perhaps just to see of list of files in the rpm file. 


[root@RHEL53 ~]# rpm2cpio kernel.src.rpm | (jonkey 15 | head —-5 
COPYING.modules 
Config.mk 
Module.kabi_i686 
Module.kabi_i686PAE 
Module.kabi_i686xen 


Or to extract one file from an rpm package. 
[root@RHEL53 ~]# rpm2cpio kernel.src.rpm | cpio -iv Config.mk 


Config.mk 
246098 blocks 
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20.7. yum 
20.7.1. about yum 


The Yellowdog Updater, Modified (yum) is an easier command to work with rpm 
packages. It is installed by default on Fedora and Red Hat Enterprise Linux since version 5.2. 


20.7.2. yum list 


Issue yum list available to see a list of available packages. The available parameter is 
optional. 


root@rhel65:/etc# yum list | we -l 


This system is receiving updates from Red Hat Subscription Management. 
89385 
root@rhel65:/etc# 


Issue yum list $package to get all versions (in different repositories) of one package. 


[root@rhel55 ~]# yum list samba 
Loaded plugins: rhnplugin, security 
Installed Packages 


samba.i386 SOR SS S228 Cll5: installed 
Available Packages 
samba.i386 SeWe 8334-49) Silas rhel-i386-server—-5 


20.7.3. yum search 


To search for a package containing a certain string in the description or name use yum 
search $string. 


[root@rhe1l55 ~]# yum search gcec44 

Loaded plugins: rhnplugin, security 
Matched: gcc44 
gcc44.1386 : Preview of GCC version 4.4 
gcc44-c++.i386 : C++ support for GCC version 4.4 
gcc44-gfortran.i386 : Fortran support for GCC 4.4 previe 
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20.7.4. yum provides 


To search for a package containing a certain file (you might need for compiling things) use 
yum provides $filename. 


root@rhel65:/etc# yum provides /usr/share/man/man5/passwd.5.gz 
Loaded plugins: product-id, subscription-manager 
This system is receiving updates from Red Hat Subscription Management. 


Biel 6—ScrmyoE—Cr—EOOls—il—raoms | 2c tae 00:00 
rhel-6-server-rpms | 3o7 Tee 00:00 
man-pages-—3.22-12.e16.noarch : Man (manual) pages from the Linux Documenta... 
Repo : rhel-6-server-rpms 

Matched from: 

Filename : /usr/share/man/man5/passwd.5.gz 


man-pages-—3.22-20.el16.noarch : Man (manual) pages from the Linux Documenta... 


Repo : rhel-6-server-rpms 
Matched from: 
Filename : /usr/share/man/man5/passwd.5.gz 


man-pages-—3.22-17.e16.noarch : Man (manual) pages from the Linux Documenta... 


Repo : rhel-6-server-rpms 
Matched from: 
Filename : /usr/share/man/man5/passwd.5.gz 


man-pages—3.22-20.e16.noarch : Man (manual) pages from the Linux Documenta... 


Repo : installed 
Matched from: 
Other : Provides-match: /usr/share/man/man5/passwd.5.gz 


root@rhel65:/etc# 
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20.7.5. yum install 


To install an application, use yum install $package. Naturally yum will install all the 
necessary dependencies. 


[root@rhe1l55 ~]# yum install sudo 

Loaded plugins: rhnplugin, security 

Setting up Install Process 

Resolving Dependencies 

--> Running transaction check 

---> Package sudo.i386 0:1.7.2p1-7.e15_5 set to be updated 
--> Finished Dependency Resolution 


Dependencies Resolved 


Package Arch Version Repository Size 
Installing: 
sudo 1386 Ie fs Ace Susy 5) rhel-i386-server-5 230 k 


Transaction Summary 


Install 1 Package (s) 
Upgrade 0 Package (s) 


Total download size: 230 k 
Is this ok [y/N]: y 
Downloading Packages: 
Sibkekoj= il 5 5 Aen 7/ Ss) sal Seis) sajna | 230 kB 00:00 
Running rpm_check_debug 
Running Transaction Test 
Finished Transaction Test 
Transaction Test Succeeded 
Running Transaction 
Installing : sudo slaall 


Installed: 
sudo si386 (0:0. 7.2pil—7 ,el 5.5 


Complete! 


You can add more than one parameter here. 


yum install Spackagel S$package2 Spackage3 
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20.7.6. yum update 


To bring all applications up to date, by downloading and installing them, issue yum update. 
All software that was installed via yum will be updated to the latest version that is available 
in the repository. 


yum update 


If you only want to update one package, use yum update $package. 


[root@rhel55 ~]# yum update sudo 

Loaded plugins: rhnplugin, security 

Skipping security plugin, no data 

Setting up Update Process 

Resolving Dependencies 

Skipping security plugin, no data 

--> Running transaction check 

---> Package sudo.i386 0:1.7.2p1-7.e15_5 set to be updated 
--> Finished Dependency Resolution 


Dependencies Resolved 


Package Arch Version Repository Size 
Updating: 
sudo i386 2 come rhel-i386-server—-5 ASO) Ve 


Transaction Summary 


finstali Q Package (s) 
Upgrade 1 Package (s) 


Total download size: 230 k 

Ms ecehuks oko iry,/ Nib ay, 

Downloading Packages: 

siivekoy =i) 5 ys Zio) SIS Sy 5 ak Sieieyp seh oval 230 kB 00:00 
Running rpm_check_debug 

Running Transaction Test 

Finished Transaction Test 

Transaction Test Succeeded 

Running Transaction 


Updating : sudo LD 
Cleanup : sudo 2/2 
Updated: 


SUdOR I S\S\Gm Osi. 2 ol culm 


Complete! 
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20.7.7. yum software groups 


Issue yum grouplist to see a list of all available software groups. 


[root@rhel55 ~]# yum grouplist 
Loaded plugins: rhnplugin, security 
Setting up Group Process 
Installed Groups: 
Administration Tools 
Authoring and Publishing 
DNS Name Server 
Development Libraries 
Development Tools 
Editors 
GNOME Desktop Environment 
GNOME Software Development 
Graphical Internet 
Graphics 
Legacy Network Server 
Legacy Software Development 
Legacy Software Support 
Mail Server 
Network Servers 
Office/Productivity 
Printing Support 
Server Configuration Tools 
System Tools 
Text-based Internet 
Web Server 
Windows File Server 
X Software Development 
X Window System 
Available Groups: 
Engineering and Scientific 
FIP Server 
Games and Entertainment 
Java Development 
KDE (K Desktop Environment) 
KDE Software Development 
MySQL Database 
News Server 
OpenFabrics Enterprise Distribution 
PostgreSQL Database 
Sound and Video 
Done 
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To install a set of applications, brought together via a group, use yum groupinstall 
$groupname. 


[root@rhel55 ~]# yum groupinstall 'Sound and video' 

Loaded plugins: rhnplugin, security 

Setting up Group Process 

Package alsa-utils-1.0.17-1.e15.i386 already installed and latest version 
Package sox-12.18.1-1.1386 already installed and latest version 

Package 9:mkisofs—2.01-10.7.e15.i386 already installed and latest version 
Package 9:cdrecord-2.01-10.7.e15.1386 already installed and latest version 
Package cdrdao-1.2.1-2.1386 already installed and latest version 
Resolving Dependencies 

--> Running transaction check 

---> Package cdda2wav.i386 9:2.01-10.7.e15 set to be updated 

---> Package cdparanoia.i386 O:alpha9.8-27.2 set to be updated 

-—--> Package sound-juicer.i386 0:2.16.0-3.e15 set to be updated 

-—-> Processing Dependency: libmusicbrainz >= 2.1.0 for package: sound-Jjuicer 
--> Processing Dependency: libmusicbrainz.so.4 for package: sound-juicer 
---> Package vorbis-tools.i386 1:1.1.1-3.e15 set to be updated 

-—-> Processing Dependency: libao >= 0.8.4 for package: vorbis-tools 

-—-> Processing Dependency: libao.so.2 for package: vorbis-tools 

--> Running transaction check 

---> Package libao.i386 0:0.8.6-7 set to be updated 

---> Package libmusicbrainz.i386 0:2.1.1-4.1 set to be updated 

-—-> Finished Dependency Resolution 


Read the manual page of yum for more information about managing groups in yum. 
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20.7.8. /etc/yum.conf and repositories 


The configuration of yum repositories is done in /ete/yum/yum.conf and /etc/yum/repos.d/ 


Configurating yum itself is done in /etc/yum.conf. This file will contain the location of a 
log file and a cache directory for yum and can also contain a list of repositories. 


Recently yum started accepting several repo files with each file containing a list of 
repositories. These repo files are located in the /etc/yum.repos.d/ directory. 


One important flag for yum is enablerepo. Use this command if you want to use a repository 
that is not enabled by default. 


yum Scommand $foo --enablerepo=Srepo 


An example of the contents of the repo file: MyRepo.repo 


[Srepo] 

name=My Repository 
baseurl=http://path/to/MyRepo 

gpgcheck=1 
gpgkey=file:///etc/pki/rpm-—gpg/RPM-GPG-KEY-MyRep 
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20.8. alien 


alien is experimental software that converts between rpm and deb package formats (and 
others). 


Below an example of how to use alien to convert an rpm package to a deb package. 


paul@barry:~$ ls -1l netcat* 

Saye —se—— Ik jeyeybill joysndl WAS, BOO OG Oy Idle Sys} raven ete =O), 7 4 hal , me Sheia a aejein 
paul@barry:~$ alien to-deb netcat—-0.7.1-1.1386.rpm 
netcat_0.7.1-2_i386.deb generated 

paul@barry:~$ ls -l netcat* 

Saye —e—— Ik jeysybilll joyenbul WASSalZ, ZOOS OG) alls Sys) revencecie— Og 15 dial, me siisio < aajenn 
=LW=G—=-E—— i root moot 125236 2009-06-04 14°59 netcatl0. 7 1—221386.deb 


In real life, use the netcat tool provided by your distribution, or use the .deb file from their 
website. 
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20.9. downloading software outside the 
repository 


First and most important, whenever you download software, start by reading the README 
file! 


Normally the readme will explain what to do after download. You will probably receive 
a .tar.gz or a .tgz file. Read the documentation, then put the compressed file in a directory. 
You can use the following to find out where the package wants to install. 


tar tvzpf $downloadedFile.tgz 


You unpack them like with tar xzf, it will create a directory called applicationName-1.2.3 


tar xzf SapplicationName.tgz 


Replace the z with a j when the file ends in .tar.bz2. The tar, gzip and bzip2 commands are 
explained in detail in the Linux Fundamentals course. 


If you download a .deb file, then you'll have to use dpkg to install it, .rpm's can be installed 
with the rpm command. 


20.10. compiling software 


First and most important, whenever you download source code for installation, start by 
reading the README file! 


Usually the steps are always the same three : running ./configure followed by make (which 
is the actual compiling) and then by make install to copy the files to their proper location. 
./configure 


make 
make install 
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20.11. practice: package management 


1. Verify whether gcc, sudo and wesnoth are installed. 


2. Use yum or aptitude to search for and install the scp, tmux, and man-pages packages. Did 
you find them all ? 


3. Search the internet for 'webmin' and figure out how to install it. 


4. If time permits, search for and install samba including the samba docs pdf files (thousands 
of pages in two pdf's). 
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20.12. solution: package management 


1. Verify whether gcc, sudo and wesnoth are installed. 


On Red Hat/Centos: 

rpm -qa grep gcc 

rpm —-qa grep sudo 
rpm -—qa grep wesnoth 


On Debian/Ubuntu: 

dpkg -l grep gcc 
dpkg y= grep sudo 
dpkg -1l grep wesnoth 


2. Use yum or aptitude to search for and install the scp, tmux, and man-pages packages. Did 
you find them all ? 


On Red Hat/CentOs: 
yum search scp 

yum search tmux 

yum search man-pages 


On Debian/Ubuntu: 
aptitude search scp 


aptitude search tmux 
aptitude search man-pages 


3. Search the internet for 'webmin' and figure out how to install it. 


Google should point you to webmin.com. 


There are several formats available there choose .rpm, .deb or .tgz 


4. If time permits, search for and install samba including the samba docs pdf files (thousands 
of pages in two pdf's). 
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Chapter 21. general networking 


While this chapter is not directly about Linux, it does contain general networking concepts 
that will help you in troubleshooting networks on Linux. 
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21.1. network layers 
21.1.1. seven OSI layers 


When talking about protocol layers, people usually mention the seven layers of the osi 
protocol (Application, Presentation, Session, Transport, Network, Data Link and Physical). 
We will discuss layers 2 and 3 in depth, and focus less on the other layers. The reason is 
that these layers are important for understanding networks. You will hear administrators use 
words like "this is a layer 2 device" or "this is a layer 3 broadcast", and you should be able 
to understand what they are talking about. 


21.1.2. four DoD layers 


The DoD (or tcp/ip) model has only four layers, roughly mapping its network access layer 
to OSI layers 1 and 2 (Physical and Datalink), its internet (IP) layer to the OSI network 
layer, its host-to-host (tcp, udp) layer to OSI layer 4 (transport) and its application layer 
to OSI layers 5, 6 and 7. 


Below an attempt to put OSI and DoD layers next to some protocols and devices. 
OSI Model DoD Model protocols devices/apps 


dns, dhcp, ntp, web server, 
foe snmp, https, ftp, mail server, 
| 5,6;.7 licat 
a aa, i aed ssh, telnet, http, browser, 
pop3... others mail client... 


layer 3 switch 
layer 2 arp (mac), rarp pnage 
network layer 2 switch 
access 
ethernet, token ring 
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21.1.3. short introduction to the physical layer 


The physical layer, or layer 1, is all about voltage, electrical signals and mechanical 
connections. Some networks might still use coax cables, but most will have migrated to utp 
(cat 5 or better) with rj45 connectors. 


Devices like repeaters and hubs are part of this layer. You cannot use software to 'see' 
a repeater or hub on the network. The only thing these devices are doing is amplifying 
electrical signals on cables. Passive hubs are multiport amplifiers that amplify an incoming 
electrical signal on all other connections. Active hubs do this by reading and retransmitting 
bits, without interpreting any meaning in those bits. 


Network technologies like csma/cd and token ring are defined on this layer. 


This is all we have to say about layer 1 in this book. 
21.1.4. short introduction to the data link layer 


The data link layer, or layer 2 is about frames. A frame has a ere (cyclic redundancy check). 
In the case of ethernet (802.3), each network card is identifiable by a unique 48-bit mac 
address (media access control address). 


On this layer we find devices like bridges and switches. A bridge is more intelligent than a 
hub because a bridge can make decisions based on the mac address of computers. A switch 


also understands mac addresses. 


In this book we will discuss commands like arp and ifconfig to explore this layer. 
21.1.5. short introduction to the network layer 


Layer 3 is about ip packets. This layer gives every host a unique 32-bit ip address. But ip 
is not the only protocol on this layer, there is also icmp, igmp, ipv6 and more. A complete 
list can be found in the /etc/protocols file. 


On this layer we find devices like routers and layer 3 switches, devices that know (and 
have) an ip address. 


In tcp/ip this layer is commonly referred to as the internet layer. 
21.1.6. short introduction to the transport layer 


We will discuss the tep and udp protocols in the context of layer 4. The DoD model calls 
this the host-to-host layer. 


21.1.7. layers 5, 6 and 7 


The tcp/ip application layer includes layers 5, 6 and 7. Details on the difference between 
these layers are out of scope of this course. 
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21.1.8. network layers in this book 


Stacking of layers in this book is based on the Protocols in Frame explanation in the 
wireshark sniffer. When sniffing a dhcp packet, we notice the following in the sniffer. 


[Protocols in Frame: eth:ip:udp:bootp] 


Sniffing for ntp (Network Time Protocol) packets gives us this line, which makes us 
conclude to put ntp next to bootp in the protocol chart below. 


[Protocols in Frame: eth:ip:udp:ntp] 


Sniffing an arp broadcast makes us put arp next to ip. All these protocols are explained 
later in this chapter. 


[Protocols in Frame: eth:arp] 


Below is a protocol chart based on wireshark's knowledge. It contains some very common 
protocols that are discussed in this book. The chart does not contain all protocols. 


SSH SMTP HTTP POP3 DNS NTP DHCP 
BOOTP 
Ethernet 
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21.2. unicast, multicast, broadcast, anycast 


21.2.1. unicast 


A unicast communication originates from one computer and is destined for exactly one other 
computer (or host). It is common for computers to have many unicast communications. 


21.2.2. multicast 


A multicast is destined for a group (of computers). 


Some examples of multicast are Realplayer (.sdp files) and ripv2 (a routing protocol). 
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21.2.3. broadcast 


A broadcast is meant for everyone. 


Typical example here is the BBC (British Broadcasting Corporation) broadcasting to 
everyone. In datacommunications a broadcast is most common confined to the lan. 


Careful, a layer 2 broadcast is very different from a layer 3 broadcast. A layer two 
broadcast is received by all network cards on the same segment (it does not pass any router), 
whereas a layer 3 broadcast is received by all hosts in the same ip subnet. 


21.2.4. anycast 


The root name servers of the internet use anycast. An anycast signal goes the the 
(geographically) nearest of a well defined group. 


With thanks to the nice anonymous wikipedia contributor to put these pictures in the public 
domain. 
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21.3. lan-wan-man 


The term lan is used for local area networks, as opposed to a wan for wide area networks. 
The difference between the two is determined by the distance between the computers, and 
not by the number of computers in a network. Some protocols like atm are designed for use 
in a wan, others like ethernet are designed for use in a lan. 


21.3.1. lan 


A lan (Local Area Network) is a local network. This can be one room, or one floor, or even 
one big building. We say lan as long as computers are close to each other. You can also 
define a lan when all computers are ethernet connected. 


A lan can contain multiple smaller lan's. The picture below shows three lan's that together 
make up one Ian. 


research lan 


server lan router (or switch) 


21.3.2. man 


A man (Metropolitan Area Network) is something inbetween a lan and a wan, often 
comprising several buildings on the same campus or in the same city. A man can use fddi 
or ethernet or other protocols for connectivity. 
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21.3.3. wan 


A wan (Wide Area Network) is a network with a lot of distance between the computers (or 
hosts). These hosts are often connected by leased lines. A wan does not use ethernet, but 
protocols like fddi, frame relay, ATM or X.25 to connect computers (and networks). 


The picture below shows a branch office that is connected through Frame Relay with 
headquarters. 


Frame Relay Cloud 


The acronym wan is also used for large surface area networks like the internet. 


Cisco is known for their wan technology. They make routers that connect many lan 
networks using wan protocols. 


21.3.4. pan-wpan 


Your home network is called a pan (Personal Area Network). A wireless pan is a wpan. 
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21.4. internet - intranet - extranet 


The internet is a global network. It connects many networks using the tep/ip protocol stack. 


The origin of the internet is the arpanet. The arpanet was created in 1969, that year only 
four computers were connected in the network. In 1971 the first e-mail was sent over the 
arpanet. E-mail took 75 percent of all arpanet traffic in 1973. 1973 was also the year ftp 
was introduced, and saw the connection of the first European countries (Norway and UK). In 
2009 the internet was available to 25 percent of the world population. In 2011 it is estimated 
that only a quarter of internet webpages are in English. 


An intranet is a private tcp/ip network. An intranet uses the same protocols as the internet, 
but is only accessible to people from within one organization. 


An extranet is similar to an intranet, but some trusted organizations (partners/clients/ 
suppliers/...) also get access. 
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21.5. tcp/ip 
21.5.1. history of tcp/ip 


In the Sixties development of the tep/ip protocol stack was started by the US Department of 
Defense. In the Eighties a lot of commercial enterprises developed their own protocol stack: 
IBM created sna, Novell had ipx/spx, Microsoft completed netbeui and Apple worked with 
appletalk. All the efforts from the Eighties failed to survive the Nineties. By the end of the 
Nineties, almost all computers in the world were able to speak tcp/ip. 


In my humble opinion, the main reason for the survival of tep/ip over all the other protocols 
is its openness. Everyone is free to develop and use the tcp/ip protocol suite. 


21.5.2. rfc (request for comment) 


The protocols that are used on the internet are defined in rfc's. An rfc or request 
for comment describes the inner working of all internet protocols. The IETF (Internet 
Engineering Task Force) is the sole publisher of these protocols since 1986. 


The official website for the rfc's is http://www.rfc-editor.org. This website contains all 
rfc's in plain text, for example rfc2132 (which defines dhcp and bootp) is accessible at http:// 
www.tfc-editor.org/rfc/rfc2132.txt. 


21.5.3. many protocols 


For reliable connections, you use tep, whereas udp is connectionless but faster. The iemp 
error messages are used by ping, multicast groups are managed by igmp. 


These protocols are visible in the protocol field of the ip header, and are listed in the /ete/ 
protocols file. 


paul@debian5:~$ grep tcp /etc/protocols 
tcp 6 INGE # transmission control protocol 


21.5.4. many services 


Network cards are uniquely identified by their mac address, hosts by their ip address and 
applications by their port number. 


Common application level protocols like smtp, http, ssh, telnet and ftp have fixed port 
numbers. There is a list of port numbers in /etc/services. 
paul@ubu1010:~$ grep ssh /etc/services 


ssh Z2/ieSp # SSH Remote Login Protocol 
ssh 22/udp 
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This chapter explains how to configure network interface cards to work with tcp/ip. 
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22.1. to gui or not to gui 


Recent Linux distributions often include a graphical application to configure the network. 
Some people complain that these applications mess networking configurations up when 
used simultaneously with command line configurations. Notably Network Manager (often 
replaced by wicd) and yast are known to not care about configuration changes via the 
command line. 


Since the goal of this course is server administration, we will assume our Linux servers are 
always administered through the command line. 


This chapter only focuses on using the command line for network interface configuration! 


Unfortunately there is no single combination of Linux commands and /etc files that works on 
all Linux distributions. We discuss networking on two (large but distinct) Linux distribution 
families. 


We start with Debian (this should also work on Ubuntu and Mint), then continue with RHEL 
(which is identical to CentOS and Fedora). 
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22.2. Debian nic configuration 


22.2.1. /etc/network/interfaces 


The /etc/network/interfaces file is a core network interface card configuration file on 
debian. 


dhcp client 


The screenshot below shows that our computer is configured for dhep on ethO (the first 
network interface card or nic). 


paul@debian8:~$ cat /etc/network/interfaces 
# This file describes the network interfaces available on your system 
# and how to activate them. For more information, see interfaces(5). 


# The loopback network interface 
auto lo 
iface lo inet loopback 


auto eth0 
iface ethO inet dhcp 


Configuring network cards for dhep is good practice for clients, but servers usually require 
a fixed ip address. 


fixed ip 
The screenshot below shows /etc/network/interfaces configured with a fixed ip address. 


root@debian7~# cat /etc/network/interfaces 
auto lo 
iface lo inet loopback 


auto ethod 

iface ethO inet static 
address 100) 5 AA Liss) 5 AL f2} 
broadcast 10.42.189.207 
netmask 2552 Oe boe 240 
gateway 1OmA2 ES O93 


The screenshot above also shows that you can provide more configuration than just the 
ip address. See interfaces(5) for help on setting a gateway, netmask or any of the other 
options. 
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22.2.2. /sbin/ifdown 


It is adviced (but not mandatory) to down an interface before changing its configuration. 
This can be done with the ifdown command. 


The command will not give any output when downing an interface with a fixed ip address. 
However ifconfig will no longer show the interface. 


root@ubull04srv:~# ifdown ethO 
root@ubull04srv:~# ifconfig 
Ke) Link encap:Local Loopback 
inet addr:i27 20.0.1 Mask?255:.10).0)..0 
inet6 addr: ::1/128 Scope:Host 
UP LOOPBACK RUNNING MTU:16436 Metric:1 
RX packets:106 errors:0 dropped:0 overruns:0 frame:0 
TX packets:106 errors:0 dropped:0 overruns:0 carrier:0 
collisions:0 txqueuelen:0 
RX bytes: 1iil62) (lili KB) TX bytes: 1ide2 (ii. KB) 


An interface that is down cannot be used to connect to the network. 
22.2.3. /sbin/ifup 


Below a screenshot of ifup bringing the eth0 ethernet interface up using dhcp. (Note that 
this is a Ubuntu 10.10 screenshot, Ubuntu 11.04 omits ifup output by default.) 


root@ubul010srv:/etc/network# ifup eth0 

Internet Systems Consortium DHCP Client V3.1.3 

Copyright 2004-2009 Internet Systems Consortium. 

All rights reserved. 

For info, please visit https://www.isc.org/software/dhcp/ 


Listening on LPF/eth0/08:00:27:cd:7f:fc 

Sending on LPF/eth0/08:00:27:cd:7f:fc 

Sending on Socket /fallback 

DHCPRHOURST Om O25 63 = s4 None cun0 ton Zoom oo. 2Ob- 255) Pome O77 
DHCPNAK from 192.168.33.100 

DECPDISCOVER on eth0 to 255.255.255.255 port 67 ianterval 3 
DHCPOREER of L927 V68.33. 77 from U927168 338.200 

DECPRHEOUR SH (ob LOZ ToS 33.77 on cen to: 255e2 55255-2550) POre 67 
DHCPACK Tor, M925 6Se Sora” sEromy 19? Gers s.2 010 

bound to 192.168.33.77 -- renewal in 95 seconds. 

ssh stop/waiting 

ssh start/running, process 1301 

root @ubul010srv:/etc/network# 


The details of dhep are covered in a separate chapter in the Linux Servers course. 
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22.3. RHEL nic configuration 
22.3.1. /etc/sysconfig/network 


The /etc/sysconfig/network file is a global (across all network cards) configuration file. 
It allows us to define whether we want networking (NETWORKING=yes|no), what the 
hostname should be (HOSTNAME=) and which gateway to use (GATEWAY=). 


[root@rhel6 ~]# cat /etc/sysconfig/network 
NETWORKING=yes 

HOSTNAME=rhel6 

GATEWAY=192.168.1.1 


There are a dozen more options settable in this file, details can be found in /usr/share/doc/ 
initscripts-*/sysconfig.txt. 


Note that this file contains no settings at all in a default RHEL7 install (with networking 
enabled). 


[root@rhel71 ~]# cat /etc/sysconfig/network 
# Created by anaconda 


22.3.2. /etc/sysconfig/network-scripts/ifcfg- 


Each network card can be configured individually using the /etc/sysconfig/network-scripts/ 
ifcfg-* files. When you have only one network card, then this will probably be /etc/ 
sysconfig/network-scripts/ifcfg-eth0. 


dhcp client 


Below a screenshot of /etc/sysconfig/network-scripts/ifcfg-ethO configured for dhcp 
(BOOTPROTO="dhcp"). Note also the NU_CONTROLLED paramater to disable control 
of this nic by Network Manager. This parameter is not explained (not even mentioned) in 
/usr/share/doc/initscripts-*/sysconfig.txt, but many others are. 


[root@rhel6 ~]# cat /etc/sysconfig/network-scripts/ifcfg—ethO 
DEVICE="eth0" 

HWADDR="08:00:27:DD:0D:5C" 

NM_CONTROLLED="no" 

BOOTPROTO="dhcp" 

ONBOOT="yes" 


The BOOTPROTO variable can be set to either dhcp or bootp, anything else will be 
considered static meaning there should be no protocol used at boot time to set the interface 
values. 


RHEL7 adds ipv6 variables to this file. 


[root@rhel71 network-scripts]# cat ifcfg-enp0s3 
TYPE="Ethernet" 

BOOTPROTO="dhcp" 

DEFROUTE="yes" 

PEERDNS="yes" 

PEERROUTES="yes" 

IPV4_FAILURE_FATAL="no" 
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IPV6INIT="yes" 
IPV6_AUTOCONF="yes" 
IPV6_DEFROUTE="yes" 
IPV6_PEERDNS="yes" 
IPV6_PEERROUTES="yes" 
IPV6_FAILURE_FATAL="no" 
NAME="enp0s3" 
UUID="9fa6a83a-—2f8e-4ecc—-962c-5£614605f4ee" 
DEVICE="enp0s3" 

ONBOOT="yes" 

[root@rhel71 network-scripts] # 


fixed ip 


Below a screenshot of a fixed ip configuration in /etc/sysconfig/network-scripts/ifcfg- 
eth0. 


[root@rhel6 ~]# cat /etc/sysconfig/network-scripts/ifcfg—-ethO 
DEVICE="eth0" 

HWADDR="08:00:27:DD:0D:5C" 

NM_CONTROLLED="no" 

BOOTPROTO="none" 

IPADDR="192.168.1.99" 

NETMASK="255.255.255.0" 

GATEWAY="192.168.1.1" 

ONBOOT="yes" 


The HWADDR can be used to make sure that each network card gets the correct name 
when multiple network cards are present in the computer. It can not be used to assign a mac 
address to a network card. For this, you need to specify the MACADDR variable. Do not 
use HWADDR and MACADDR in the same ifefg-ethx file. 


The BROADCAST= and NETWORK= parameters from previous RHEL/Fedora versions 
are obsoleted. 


22.3.0. nmcli 


On RHEL7 you should run nmcli connection reload if you changed configuration files in 
/etc/sysconfig/ to enable your changes. 


The nmcli tool has many options to configure networking on the command line in RHEL7/ 
CentOS7 


man nmcli 


22.3.4. nmtui 


Another recommendation for RHEL7/CentOS7 is to use nmtui. This tool will use a 
‘windowed' interface in command line to manage network interfaces. 


nmtui 
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22.3.5. /sbin/ifup and /sbin/ifdown 


The ifup and ifdown commands will set an interface up or down, using the configuration 
discussed above. This is identical to their behaviour in Debian and Ubuntu. 


[root@rhel6 ~]# ifdown ethO && ifup eth0O 
[root@rhel6 ~]# ifconfig eth0 


etho 


Link encap:Ethernet HWaddr 08:00:27:DD:0D:5C 

inet addr si92 7168.1. 99 Beast 192 68.1. 255 Mask 3255.255-255..0 
inet6 addr: fe80::a00:27ff:fedd:d5c/64 Scope:Link 

UP BROADCAST RUNNING MULTICAST MTU:1500 Metric:1 

RX packets:2452 errors:0 dropped:0 overruns:0 frame:0 

TX packets:1881 errors:0 dropped:0 overruns:0 carrier:0 
collisions:0 txqueuelen:1000 

RX bytes:257036 (251.0 KiB) TX bytes:184767 (180.4 KiB) 


22.4. ifconfig 


The use of /sbin/ifconfig without any arguments will present you with a list of all active 
network interface cards, including wireless and the loopback interface. In the screenshot 
below ethO has no ip address. 


root@ubul010:~# ifconfig 


etho 


ethl 


ALS) 


Link encap:Ethernet HWaddr 00:26:bb:5d:2e:52 

UP BROADCAST MULTICAST MTU:1500 Metric:1 

RX packets:0 errors:0 dropped:0 overruns:0 frame:0 
TX packets:0 errors:0 dropped:0 overruns:0 carrier:0 
collisions:0 txqueuelen:1000 

RX bytes:0 (0.0 B) TX bytes:0 (0.0 B) 

Interrupt:43 Base address:0xe000 


Link encap:Ethernet HWaddr 00:26:bb:12:7a:5e 

inet addrs192 168.1 .30 Beasts192 068 1.255 Maski255.255.255 20 
inet6 addr: fe80::226:bbff:fel2:7a5e/64 Scope:Link 

UP BROADCAST RUNNING MULTICAST MTU:1500 Metric:1 

RX packets:11141791 errors:202 dropped:0 overruns:0 frame:11580126 
TX packets:6473056 errors:3860 dropped:0 overruns:0 carrier:0 
collisions:0 txqueuelen:1000 

RX bytes:3476531617 (3.4 GB) TX bytes:2114919475 (2.1 GB) 
Interrupt:23 


Link encap:Local Loopback 

inet addr:i127/7 70.0.1 Mask 3255210'.0'20 

ImMeno addr: )h/ 128. ScopesHosit 

UP LOOPBACK RUNNING MTU:16436 Metric:1 

RX packets:2879 errors:0 dropped:0 overruns:0 frame:0 
TX packets:2879 errors:0 dropped:0 overruns:0 carrier:0 
collisions:0 txqueuelen:0 

RX bytes:486510 (486.5 KB) TX bytes:486510 (486.5 KB) 


You can also use ifconfig to obtain information about just one network card. 


[root@rhel6 ~]# ifconfig eth0 


etho 


Link encap:Ethernet HWaddr 08:00:27:DD:0D:5C 

Ine alelelex eA, St GOS) ieee gil A Ss sla 2S5 MESES 255) A550 
inet6 addr: fe80::a00:27ff:fedd:d5c/64 Scope:Link 

UP BROADCAST RUNNING MULTICAST MTU:1500 Metric:1 

RX packets:2969 errors:0 dropped:0 overruns:0 frame:0 

TX packets:1918 errors:0 dropped:0 overruns:0 carrier:0 
collisions:0 txqueuelen:1000 
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RX bytes:335942 (328.0 KiB) TX bytes:190157 (185.7 KiB) 


When /sbin is not in the $PATH of a normal user you will have to type the full path, as 
seen here on Debian. 


paul@debian5:~$ /sbin/ifconfig eth3 
eth3 Link encap:Ethernet HWaddr 08:00:27:ab:67:30 
iin Aleleleg eA, Ist ils) INXeeisie gL 2 Se 2S MESSE AS52455 A550 
inet6 addr: fe80::a00:27ff:feab:6730/64 Scope:Link 
UP BROADCAST RUNNING MULTICAST MTU:1500 Metric:1 
RX packets:27155 errors:0 dropped:0 overruns:0 frame:0 
TX packets:30527 errors:0 dropped:0 overruns:0 carrier:0 
collisions:0 txqueuelen:1000 
RX bytes:13095386 (12.4 MiB) TX bytes:25767221 (24.5 MiB) 


22.4.1. up and down 


You can also use ifconfig to bring an interface up or down. The difference with ifup is that 
ifconfig ethO up will re-activate the nic keeping its existing (current) configuration, whereas 
ifup will read the correct file that contains a (possibly new) configuration and use this config 
file to bring the interface up. 


[root@rhel6 ~]# ifconfig eth0O down 

[root@rhel6 ~]# ifconfig ethO up 

[root@rhel6 ~]# ifconfig eth0 

ethO Link encap:Ethernet HWaddr 08:00:27:DD:0D:5C 
inet addr s192 7168.31.99 Beast s1922168.31.255 Mask73255.255.255.0 
inet6 addr: fe80::a00:27ff:fedd:d5c/64 Scope:Link 
UP BROADCAST RUNNING MULTICAST MTU:1500 Metric:1 
RX packets:2995 errors:0 dropped:0 overruns:0 frame:0 
TX packets:1927 errors:0 dropped:0 overruns:0 carrier:0 
collisions:0 txqueuelen:1000 
RX bytes:339030 (331.0 KiB) TX bytes:191583 (187.0 KiB) 


22.4.2. setting ip address 


You can temporary set an ip address with ifconfig. This ip address is only valid until the 
next ifup/ifdown cycle or until the next reboot. 


[root@rhel6 ~]# ifconfig eth0 grep 192 

imet addr 92. hos OO Beast 92-1 6S ls Zo be Mask 255125 5..2515)..0 
[root@rhel6 ~]# ifconfig ethO 192.168.33.42 netmask 255.255.0.0 
[root@rhel6 ~]# ifconfig eth0 grep 192 

inet addr:192.168.33-42 IBeast:1927168).255.255. Maskr255).255).0).0 
[root@rhel6 ~]# ifdown ethO && ifup eth0O 
[root@rhel6 ~]# ifconfig eth0 grep 192 

syorere, alelelheg ils s IkGie) ILO) eXeeiche PILE LG ILS Ass) WEE e855) 755) 5 715)5) 0) 


22.4.3. setting mac address 


You can also use ifconfig to set another mac address than the one hard coded in the network 
card. This screenshot shows you how. 


[root@rhel6 ~]# ifconfig eth0 | grep HWaddr 

ethO Link encap:Ethernet HWaddr 08:00:27:DD:0D:5C 
[root@rhel6 ~]# ifconfig ethO hw ether 00:42:42:42:42:42 
[root@rhel6 ~]# ifconfig eth0 | grep HWaddr 

ethO Link encap:Ethernet HWaddr 00:42:42:42:42:42 
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22.5. ip 


The ifconfig tool is deprecated on some systems. Use the ip tool instead. 


To see ip addresses on RHEL7 for example, use this command: 


[root@rhel71 ~]# ipa 
1: lo: <LOOPBACK, UP, LOWER_UP> mtu 65536 qdisc noqueue state UNKNOWN 
link/loopback 00:00:00:00:00:00 brd 00:00:00:00:00:00 
inet 127.0.0.1/8 scope host lo 
valid_lft forever preferred_lft forever 
ineto #:1/128 scope host 
valid_lft forever preferred_lft forever 
2: enp0s3: <BROADCAST,MULTICAST,UP, LOWER_UP> mtu 1500 qdisc pfifo_fast state UP qlen 1000 
Inkiie/ieloteia WR SOOCAVsIGewos chs} lowe! tee Garis Giese Ssbie Bilis Sante 
inet 192.168.1.135/24 brd 192.168.1.255 scope global dynamic enp0s3 
valid_lft 6173sec preferred_lft 6173sec 
inete fe80::a00:27f££:£689:2233/64 scope link 


valid_lft forever preferred_lft forever 
[root@rhel71 ~]# 
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22.6. dhclient 


Home and client Linux desktops often have /sbin/dhclient running. This is a daemon that 
enables a network interface to lease an ip configuration from a dhcp server. When your 
adapter is configured for dhep or bootp, then /sbin/ifup will start the dhclient daemon. 


When a lease is renewed, dhclient will override your ifconfig set ip address! 


22./. hostname 


Every host receives a hostname, often placed in a DNS name space forming the fqdn or 
Fully Qualified Domain Name. 


This screenshot shows the hostname command and the configuration of the hostname on 
Red Hat/Fedora. 


[root@rhel6 ~]# grep HOSTNAME /etc/sysconfig/network 
HOSTNAME=rhel6 

[root@rhel6 ~]# hostname 

rhel6 


Starting with RHEL7/CentOS7 this file is empty. The hostname is configured in the standard 
/etc/hostname file. 


[root@rhel71 ~]# cat /etc/hostname 
rhel71.linux-training.be 
[root@rhel71 ~]# 


Ubuntu/Debian uses the /etc/hostname file to configure the hostname. 


paul@debian8:~$ cat /etc/hostname 
server42 

paul@debian8:~S$ hostname 

server42 


On all Linux distributions you can change the hostname using the hostname $newname 
command. This is not a permanent change. 


[root@rhel6 ~]# hostname server42 
[root@rhel6 ~]# hostname 
server42 


On any Linux you can use sysctl to display and set the hostname. 


[root@rhel6 ~]# sysctl kernel.hostname 
kernel.hostname = server42 

[root@rhel6 ~]# sysctl kernel.hostname=rhel6 
kernel.hostname = rhel6 

[root@rhel6 ~]# sysctl kernel.hostname 
kernel.hostname = rhel6 

[root@rhel6 ~]# hostname 

rhel6 


272 


interface configuration 


22.8. arp 


The ip to mac resolution is handled by the layer two broadcast protocol arp. The arp table 
can be displayed with the arp tool. The screenshot below shows the list of computers that 
this computer recently communicated with. 


root@barry:~# arp -a 

? (192.168.1.191) at 00:0C:29:3B:15:80 [ether] on ethil 
agapi (192.168.1.73) at 00:03:BA:09:7F:D2 [ether] on ethl 
anya (192.168.1.1) at 00:12:01:E2:87:FB [ether] on ethl 
faith (192.168.1.41) at 00:0E:7F:41:0D:EB [ether] on ethl 
kiss (192.168.1.49) at 00:D0:E0:91:79:95 [ether] on ethl 
laika (192.168.1.40) at 00:90:F5:4E:AE:17 [ether] on ethl 
pasha (192.168.1.71) at 00:03:BA:02:C3:82 [ether] on ethl 
shaka (192.168.1.72) at 00:03:BA:09:7C:F9 [ether] on ethl 
root@barry:~# 


Anya is a Cisco Firewall, faith is a laser printer, kiss is a Kiss DP600, laika is a laptop and 
Agapi, Shaka and Pasha are SPARC servers. The question mark is a Red Hat Enterprise 
Linux server running on a virtual machine. 


You can use arp -d to remove an entry from the arp table. 


[root@rhel6 ~]# arp 


Address HWtype HWaddress Flags Mask Iface 
ubul1010 ether OW RAG obi seZ aioe E etho 
anya ether 00202 sche: 68 £0 Cc etho 


[root@rhel6 ~]# arp -d anya 
[root@rhel6 ~]# arp 


Address HWtype HWaddress Flags Mask Iface 
ubu1010 ether 00:26:bb:12:7a:5e ie eth0o 
anya (incomplete) etho 


[root@rhel6 ~]# ping anya 
PING anya (192.168.1.1) 56(84) bytes of data. 
64 bytes from anya (192.168.1.1): icmp_seq=1 tt1l=254 time=10.2 ms 


[root@rhel6 ~]# arp 


Address HWtype HWaddress Flags Mask Iface 
ubul1010 ether OO RAGob aba aloe € etho 
anya ether OO OZR sala168: 3180 ie etho 
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22.9. route 


You can see the computer's local routing table with the /sbin/route command (and also with 
netstat -r ). 


root@RHEL4b ~]# netstat -r 

Kernel IP routing table 

Destination Gateway Genmask Flags MSS Window irtt Iface 
192. 16S), 10) mS 2D) 5 ADS) 5 AD) 50) U 0 0 0 ethO 
[root@RHEL4b ~]# route 

Kernel IP routing table 

Destination Gateway Genmask Flags Metric Ref Use Iface 
192,168), 1.0 i BD9) 5 A396 ADS) 5 0) U 0 0 0 eth0o 
[root@RHEL4b ~]# 


It appears this computer does not have a gateway configured, so we use route add default 
gw to add a default gateway on the fly. 


[root@RHEL4b ~]# route add default gw 192.168.1.1 
[root@RHEL4b ~]# route 
Kernel IP routing table 


Destination Gateway Genmask Flags Metric Ref Use Iface 
L)2 LOS. 1.0 i ZOO eZ Oo SA20900. 0 0) 0 eth0 
default IQA LSsicl.L W.0.0.0 UG 0 0 0 eth0 


[root@RHEL4b ~]# 


Unless you configure the gateway in one of the /etc/ file from the start of this chapter, your 
computer will forget this gateway after a reboot. 


22.10. ping 


If you can ping to another host, then tcp/ip is configured. 


[root@RHEL4b ~]# ping 192.168.1.5 

PING 192.168.1.5 (192.168.1.5) 56(84) bytes of data. 

64 bytes from 192.168.1.5: icmp_seq=0 tt1=64 time=1004 ms 
64 bytes from 192.168.1.5: icmp_seq=1 tt1=64 time=1.19 ms 
64 bytes from 192.168.1.5: icmp_seq=2 tt1=64 time=0.494 ms 
64 bytes from 192.168.1.5: icmp_seq=3 tt1l=64 time=0.419 ms 


aa 1S) 6 WS IS) joule; Sigeheseicies, === 

4 packets transmitted, 4 received, 0% packet loss, time 3009ms 
rtt min/avg/max/mdev = 0.419/251.574/1004.186/434.520 ms, pipe 2 
[root@RHEL4b ~]# 
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22.11. optional: ethtool 


To display or change network card settings, use ethtool. The results depend on the 
capabilities of your network card. The example shows a network that auto-negotiates it's 
bandwidth. 


root@laika:~# ethtool eth0 
Settings for eth0: 


Supported ports: [ TP ] 

Supported link modes: 10baseT/Half 10baseT/Full 
100baseT/Half 100baseT/Full 
1000baseT/Full 


Supports auto-negotiation: Yes 

Advertised link modes: 10baseT/Half 10baseT/Full 
100baseT/Half 100baseT/Full 
1000baseT/Full 

Advertised auto-negotiation: Yes 

Speed: 1000Mb/s 

Duplex: Full 

Port: Twisted Pair 

PHYAD: 0 

Transceiver: internal 

Auto-negotiation: on 

Supports Wake-on: pumbg 

Wake-on: g 

Current message level: 0x00000033 (51) 

Link detected: yes 


This example shows how to use ethtool to switch the bandwidth from 1000Mbit to 1OOMbit 
and back. Note that some time passes before the nic is back to 1OOOMbit. 


root@laika:~# ethtool ethod grep Speed 

Speed: 1000Mb/s 
root@laika:~# ethtool -s eth0O speed 100 
root@laika:~# ethtool ethod grep Speed 
Speed: 100Mb/s 
root@laika:~# ethtool -s eth0O speed 1000 
root@laika:~# ethtool ethod grep Speed 
Speed: 1000Mb/s 
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22.12. practice: interface configuration 


1. Verify whether dhclient is running. 
2. Display your current ip address(es). 
3. Display the configuration file where this ip address is defined. 


4. Follow the nic configuration in the book to change your ip address from dhep client to 
fixed. Keep the same ip address to avoid conflicts! 


5. Did you also configure the correct gateway in the previous question ? If not, then do 
this now. 


6. Verify that you have a gateway. 

7. Verify that you can connect to the gateway, that it is alive. 

8. Change the last two digits of your mac address. 

9. Which ports are used by http, pop3, ssh, telnet, nntp and ftp ? 

10. Explain why e-mail and websites are sent over tep and not udp. 
11. Display the hostname of your computer. 


12. Which ip-addresses did your computer recently have contact with ? 
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22.13. solution: interface configuration 


1. Verify whether dhclient is running. 


paul@debian5:~S ps fax | grep dhclient 


2. Display your current ip address(es). 


paul@debian5:~$ /sbin/ifconfig | grep ‘inet ' 
aN ete, vaclelia ROP oO Sle Silk eBCasie loo MoS dl ibio)  Malsikai2 bon 05). ZOO) 
inet addr:127.0.,0.1 Mask:255.0:..0).0 


3. Display the configuration file where this ip address is defined. 


Ubuntu/Debian: cat /etc/network/interfaces 
Redhat/Fedora: cat /etc/sysconfig/network-scripts/ifcfg-eth* 


4. Follow the nic configuration in the book to change your ip address from dhep client to 
fixed. Keep the same ip address to avoid conflicts! 


Ubuntu/Debian: 

ifdown eth0 

vi /etc/network/interfaces 
ifup eth0O 


Redhat /Fedora: 

ifdown eth0 

vi /etc/sysconfig/network-scripts/ifcfg-eth0 
ifup eth0o 


5. Did you also configure the correct gateway in the previous question ? If not, then do 
this now. 


6. Verify that you have a gateway. 


paul@debian5:~$ /sbin/route 
Kernel IP routing table 


Destination Gateway Genmask Flags Metric Ref Use Ifac 
LOA sos LO ta 2501 Z0o2 S91. 0) U 0 0 0 ethOo 
default IES Aeris G'S ay lel 0.0.0.0 UG 0 0 0 ethO 


7. Verify that you can connect to the gateway, that it is alive. 
paul@debian5:~S$ ping -c3 192.168.1.1 

PING 192.168.1.1 (192.168.1.1) 56(84) bytes of data. 

64 bytes from 192.168.1.1: icmp_segq=1 tt1=254 time=2.28 ms 


64 bytes from 192.168 icmp_seq=2 tt1l=254 time=2.94 ms 


eds 
64 bytes from 192.168.1.1: icmp_seq=3 tt1=254 time=2.34 ms 


a= 1. WSs. eil joule; Sta isiiles === 
3 packets transmitted, 3 received, 0% packet loss, time 2008ms 
rtt min/avg/max/mdev = 2.283/2.524/2.941/0.296 ms 


8. Change the last two digits of your mac address. 


[root@rhel6 ~]# ifconfig ethO hw ether 08:00:27:ab:67:XX 


9. Which ports are used by http, pop3, ssh, telnet, nntp and ftp ? 


root@rhel6 ~# grep *'http ' /etc/services 
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http 
http 
root@r 
smtp 
smtp 
root@r 
ssh 
ssh 
root@r 
telnet 
telnet 
root@r 
nntp 
nntp 
root@r 
ftp 
EE 


SO/MECio) 
80/udp 
~# grep 
25/ ep 
25/udp 
~# grep 
227/ eCp 
22/udp 
~# grep 
2Z3/iEep 
23/udp 
~# grep 
LO ey 
119/udp 
~# grep 
2a ep 
21/udp 


YsmEp 


oNsishi 


“"telnet 


ATOM EIS} 


aif Ca) 


www www-http 
www www-http 


/etc/services 


mail 
mail 


/etc/services 
# The Secure Shell 
# The Secure Shell 


' /etc/services 


/etc/services 


readnews untp 
readnews untp 
/etc/services 


fsp fspd 


# WorldWideWeb HTTP 
# HyperText Transfer Protocol 


# USENET News 
# USENET News 


(SSH) Protocol 
(SSH) Protocol 


Transfer Protocol 
Transfer Protocol 


10. Explain why e-mail and websites are sent over tep and not udp. 


Because tcp is reliable and udp is not. 


11. Display the hostname of your computer. 


paul@debian5:~$ hostname 
debian5 


12. Which ip-addresses did your computer recently have contact with ? 


root@rhel6é ~# arp —-a 


2 (192.068.2151) “atk O0202 sek vaa6e: £0 
@ TARAS ais) 1h S10) ete OW ZG Riclor ie iers SiS 


? (192.168.1.31) at 08:00:27:8e:8a:a8 


{ether] on eth2 


[ether] on eth2 
[ether] on eth2 
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Chapter 23. network sniffing 


A network administrator should be able to use a sniffer like wireshark or tcpdump to 
troubleshoot network problems. 


A student should often use a sniffer to learn about networking. This chapter introduces you 
to network sniffing. 
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23.1. wireshark 


23.1.1. installing wireshark 


This example shows how to install wireshark on .deb based distributions (including Debian, 
Mint, Xubuntu, and others). 


root@debian8:~# apt-get install wireshark 
Reading package lists... Done 
Building dependency tree 
Reading state information... Done 
(output truncated) 


On .rpm based distributions like CentOS, RHEL and Fedora you can use yum to install 
wireshark. 


[root@centos7 ~]# yum install wireshark 

Loaded plugins: fastestmirror 

Loading mirror speeds from cached hostfile 
(output truncated) 


23.1.2. selecting interface 


When you start wireshark for the first time, you will need to select an interface. You will 
see a dialog box that looks similar to this one. 


Wireshark: Capture Interfaces oOo 
Device Description IP Packets Packets/s 
YX wlanO 192.168.1.35 
gn any 
sr) lo 127.0.0.1 
€ —bluetootho 
al nflog 
i) nfqueue 
f§ usbmon1 
§ usbmon2 
|@| Help 4 @ St © Options % Close 


It is possible that there are no interfaces available because some distributions only allow 
root to sniff the network. You may need to use sudo wireshark. 


Or you can follow the general advice to sniff using tcpdump or any other tool, and save the 
capture to a file. Any saved capture can be analyzed using wireshark at a later time. 
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23.1.3. minimize traffic 


Sniffing a network can generate many thousands of packets in a very short time. This can 
be overwhelming. Try to mitigate by isolating your sniffer on the network. Preferably sniff 
an isolated virtual network interface over which you control all traffic. 


If you are at home to learn sniffing, then it could help to close all network programs on 
your computer, and disconnect other computers and devices like smartphones and tablets 
to minimize the traffic. 


Even more important than this is the use of filters which will be discussed in this chapter. 
23.1.4. sniffing ping 


I started the sniffer and captured all packets while doing these three ping commands (there 
is no need for root to do this): 


root@debian7:~# ping -c2 ns1.paul.local 

PING nsl.paul.local (10.104.33.30) 56(84) bytes of data. 

64 bytes from 10.104.33.30: icmp_req=1 tt1=64 time=0.010 ms 
64 bytes from 10.104.33.30: icmp_req=2 tt1=64 time=0.023 ms 


——— ioveil cjoenbllls Jkovecul joukioves Sheciesksiunes) == 

2 packets transmitted, 2 received, 0% packet loss, time 1001ms 

rtt min/avg/max/mdev = 0.010/0.016/0.023/0.007 ms 

root@debian7:~# ping -c3 linux-training.be 

PING linux-training.be (188.93.155.87) 56(84) bytes of data. 

64 bytes from antares.ginsys.net (188.93.155.87): icmp_req=1 tt1=56 time=15.6 ms 
64 bytes from antares.ginsys.net (188.93.155.87): icmp_req=2 tt1=56 time=17.8 ms 
64 bytes from antares.ginsys.net (188.93.155.87): icmp_req=3 tt1=56 time=14.7 ms 


=—— linux-Eraining. be ping statastics ——— 

3 packets transmitted, 3 received, 0% packet loss, time 2003ms 
rtt min/avg/max/mdev = 14.756/16.110/17.881/1.309 ms 
root@debian7:~# ping -cl centos7.paul.local 

PING centos7.paul.local (10.104.33.31) 56(84) bytes of data. 
64 bytes from 10.104.33.31: icmp_req=1 tt1=64 time=0.590 ms 


==> Contos. paul | locals pang) isttde ist Les, —-—— 
1 packets transmitted, 1 received, 0% packet loss, time Oms 
rtt min/avg/max/mdev = 0.590/0.590/0.590/0.000 ms 


In total more than 200 packets were sniffed from the network. Things become clearer when 
you enter icmp in the filter field and press the apply button. 


Filter: | icmp vy | Expression... Clear Apply Save 


Sou 


10.104 .33.30 10.104.33.30 ICMP request id=0x09f6, 


32 10.104.33.30 10.104.33.30 ICMP Echo (ping) reply id=0x09f6, seq=1/: 
47 10.104.33.30 10.104.33.30 ICMP Echo (ping) request id=0x09f6, seq=2/! 
48 10.104.33.30 10.104.33.30 ICMP Echo (ping) reply id=0x09f6, seq=2/! 
103 192.168.1.103 188 .93.155.87 ICMP Echo (ping) request id=0x09f7, seq=1/: 
104 188.93.155.87 192.168.1.103 ICMP Echo (ping) reply id=0x09f7, seq=1/: 
115 192.168.1.103 188.93.155.87 ICMP Echo (ping) request id=0x09f7, seq=2/! 
116 188.93.155.87 192.168.1.103 ICMP Echo (ping) reply id=0x09f7, seq=2/! 
123 192.168.1.103 188.93.155.87 ICMP Echo (ping) request id=0x09f7, seq=3/: 
124 188.93.155.87 192.168.1.103 ICMP Echo (ping) reply id=0x09f7, seq=3/: 
170 10.104.33.30 10.104.33.31 ICMP Echo (ping) request id=0x09f8, seq=1/: 
171 10.104.33.31 10.104.33.30 ICMP Echo (ping) reply id=0x09f8, seq=1/: 
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23.1.5. sniffing ping and dns 


Using the same capture as before, but now with a different filter. We want to see both dns 
and icmp traffic, so we enter both in the filter field. 


We put dns or icmp in the filter to achieve this. Putting dns and icmp would render nothing 
because there is no packet that matches both protocols. 


Filter: | icmp or dns vy | Expression... Clear y Save 
25 10.104.33.30 10.104.33.30 DNS Standard query 0xa668 A nsl.paul.local 
26 10.104.33.30 10.104.33.30 DNS Standard query response 0xa668 A 10.10: 
31 10.104.33.30 10.104.33.30 ICMP Echo (ping) request id=0x09f6, seq=1/2! 
32 10.104.33.30 10.104.33.30 ICMP Echo (ping) reply id=0x09f6, seq=1/2! 


In the screenshot above you can see that packets 25 and 26 both have 10.104.33.30 as source 
and destination ip address. That is because the dns client is the same computer as the dns 
server. 


The same is true for packets 31 and 32, since the machine is actually pinging itself. 
23.1.6. specific ip address 


This is a screenshot that filters for dns packets that contain a certain ip address. The filter 
in use is ip.addr==10.104.33.30 and dns. The and directive forces each displayed packet 
to match both conditions. 


Filter: ip.addr==10.104.33.30 and dns ~v | Expression... Clear A Save 
93 10.104.33.30 10.104.33.30 DNS Standard query Oxa34a A linux-training.be 
98 10.104.33.30 10.104.33.30 DNS Standard query response Oxa34a A 188.93.155.87 


Packet 93 is the dns query for the A record of linux-training.be. Packet 98 is the response 
from the dns server. What do you think happened in the packets between 93 and 98 ? Try 
to answer this before reading on (it always helps to try to predict what you will see, and 
then checking your prediction). 


23.1.7. filtering by frame 


The correct technical term for a packet as sniffed is a frame (because we sniff on layer two). 
So to display packets with certain numbers, we use frame.number in the filter. 


Filter: | frame.number>92 and frame.number<99 ~ | Expression... Clear Save 
93 10.104.33.30 10.104.33.30 DNS Standard query Oxa34a A linux-training.be 
94 192.168.1.103 8.8.8.8 DNS Standard query 0xf008 A linux-training.be 
95 192.168.1.103 8.8.8.8 DNS Standard query Ox@ff5 NS <Root> 
96 8.8.8.8 192.168.1.103 DNS Standard query response Ox@ff5 NS d.root-server 
97 8.8.8.8 192.168.1.103 DNS Standard query response Oxf008 A 188.93.155.87 


10.104.33.30 10.104.33.30 Standard query response O0xa34a A 188.93.155.87 
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23.1.8. looking inside packets 


The middle pane can be expanded. When selecting a line in this pane, you can see the 
corresponding bytes in the frame in the bottom panel. 


This screenshot shows the middle pane with the source address of my laptop selected. 


|>|Frame 1: 77 bytes on wire (616 bits), 77 bytes captured (616 bits) on interface 0 
|~|Ethernet II, Src: Apple 36:24:28 (b8:e8:56:36:24:28), Dst: IcpElect_c9:07:10 (00:08:9b:c9:07:10) 
>|Destination: IcpElect_c9:07:10 (00:08:9b:c9:07:10) 
>» Source: Apple 36:24:28 (b8:e8:56:36:24:28) 
Type: IP (0x0800) 
|>|Internet Protocol Version 4, Src: 192.168.1.35 (192.168.1.35), Dst: 192.168.1.42 (192.168.1.42) 
|>|User Datagram Protocol, Src Port: 57676 (57676), Dst Port: 53 (53) 
|» |Domain Name System (query) 
0000 b8 e8 56 36 24 28 45 00 .. V6S( | 
0010 00 3f 6f 73 40 68 40 11 47 Sd cO a8 01 23 cO aB~ .?0S@.@. G....#.. 
0020 01 2a el 4c 00 35 00 2b be 44 af c5 01 00 00 O01 .*.L.5.+ .D...... 
0030 00 00 00 00 66 08 be 6c 69 Ge 75 78 2d 7472 61~—=sw«..... 1. inux-tra 
0040 69 Ge 69 6e 67 02 62 65 O60 00 01 00 O01 ining.be ..... 


Note that the above works fine when sniffing one interface. When sniffing with for example 
tcpdump -i any you will end up with Linux cooked at this level. 


|>|Frame 25: 76 bytes on wire (608 bits), 76 bytes captured (608 bits) 
~|Linux cooked capture 
Packet type: Unicast to us (0) 
Link-layer address type: 772 
Link-layer address length: 6 
Source: 00:00:00 00:00:00 (00:00:00:00:00:00) 
Protocol: IP (0x0800) 
|>| Internet Protocol Version 4, Src: 10.104.33.30 (10.104.33.30), Dst: 10.104.33.30 (10.104.33.30) 


0000 (CIemicIs) 


00160 45 00 00 3c 38 dé 40 60 40 11 aa cf Oa 68 21 le’ E..<8.@. @....h!. 
0020 Oa 68 21 le 82 bd 00 35 00 28 57 45 a6 68 01 00 sht....5 .(WE.A.. 
0030 00 01 00 00 00 00 00 6G O03 Ge 73 3104 70 6175 ........ -nsl.pau 
0040 6c 05 6c 6f 63 61 6c 68 OO O1 OO O1 UL. Locals. «sae 


23.1.9. other filter examples 


You can combine two protocols with a logical or between them. The example below shows 
how to filter only arp and bootp (or dhep) packets. 


Weiter: [arp or bootp Ly) 4 Expression... | Clear ol Apply 


This example shows how to filter for dns traffic containing a certain ip address. 


(Meitter: dns and ip.addr==192.168.1.5 LY) 4 Expression... | Clear| of Apply 


283 


network sniffing 


23.2. tcpdump 


Sniffing on the command line can be done with tepdump. Here are some examples. 


Using the tepdump host $ip command displays all traffic with one host (192.168.1.38 in 
this example). 


root@ubuntu910:~# tcpdump host 192.168.1.38 
tcpdump: verbose output suppressed, us v or -vv for full protocol decode 
listening on eth0, link-type EN10MB (Ethernet), capture size 96 bytes 


Capturing only ssh (tcp port 22) traffic can be done with tepdump tcp port $port. This 
screenshot is cropped to 76 characters for readability in the pdf. 


root@deb503:~# tcpdump tcp port 22 

tcpdump: verbose output suppressed, us v or -vv for full protocol decode 
listening on ethl, link-type EN10MB (Ethernet), capture size 96 bytes 
14:22:20.716313 IP deb503.10cal.37973 > rhel53.local.ssh: P 666050963:66605 
4322220. 7199316 2P rhels3. localsyssh > debds03 : local. s7973: P 49 (48) ack 438 
14322:20.720922 TP rhels3.local-ssh > deb503.local 37973: P 49:113(64) ack 
i222 0.,720320) UP shelos. localassh > ideb5s0s). local si97es) PR As elein(4s) ack 
14:22:20.721820 IP deb503.1local.37973 > rhel53.local.ssh: . ack 161 win 200 
W222: 200022492. cP whet Soe localassh = debo0s local si 97s) Pe Koike 2 25164) aes 
14:22:20.760602 IP deb503.1local.37973 > rhel53.local.ssh: . ack 225 win 200 
14:22:23.108106 IP deb503.1local.54424 > ubuntu910.local.ssh: P 467252637:46 
14:22:23.116804 IP ubuntu910.local.ssh > deb503.1local.54424: P 1:81(80) ack 
14:22:23.116844 IP deb503.1local.54424 > ubuntu910.local.ssh: . ack 81 win 2 
NE 

10 packets captured 

10 packets received by filter 

OQ packets dropped by kernel 


Same as above, but write the output to a file with the tcpdump -w $filename command. 
root@ubuntu910:~# tcpdump -w sshdump.tcpdump tcp port 22 

tcpdump: listening on eth0O, link-type EN10MB (Ethernet), capture size 96 bytes 
Ae 

17 packets captured 


17 packets received by filter 
OQ packets dropped by kernel 


With tcpdump -r $filename the file created above can be displayed. 


root@ubuntu910:~# tcpdump -r sshdump.tcpdump 


Many more examples can be found in the manual page of tepdump. 
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23.3. practice: network sniffing 


1. Install wireshark on your computer (not inside a virtual machine). 
2. Start a ping between your computer and another computer. 

3. Start sniffing the network. 

4. Display only the ping echo's in the top pane using a filter. 


5. Now ping to a name (like www.linux-training.be) and try to sniff the DNS query and 
response. Which DNS server was used ? Was it a tcp or udp query and response ? 


6. Find an amateur/hobby/club website that features a login prompt. Attempt to login with 


user 'paul' and password ‘hunter2' while your sniffer is running. Now find this information 
in the sniffer. 
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23.4. solution: network sniffing 


1. Install wireshark on your computer (not inside a virtual machine). 
Debian/Ubuntu: aptitude install wireshark 


Red Hat/Mandriva/Fedora: yum install wireshark 


2. Start a ping between your computer and another computer. 


ping Sip_address 


3. Start sniffing the network. 


(sudo) wireshark 


select an interface (probably eth0) 


4. Display only the ping echo's in the top pane using a filter. 


type ‘'icmp' (without quotes) in the filter box, and then click '‘apply' 


5. Now ping to a name (like www.linux-training.be) and try to sniff the DNS query and 
response. Which DNS server was used ? Was it a tcp or udp query and response ? 


First start the sniffer. 


Enter 'dns' in the filter box and click apply. 


root@ubuntu910:~# ping www. linux-training.be 

PING www.linux-training.be (88.151.243.8) 56(84) bytes of data. 

64 bytes from fosfor.openminds.be (88.151.243.8): icmp_seq=1 tt1=58 time=14.9 ms 
64 bytes from fosfor.openminds.be (88.151.243.8): icmp_seq=2 tt1=58 time=16.0 ms 
Ale 

--- www.linux-training.be ping statistics -—-—- 

2 packets transmitted, 2 received, 0% packet loss, time 1002ms 

rtt min/avg/max/mdev = 14.984/15.539/16.095/0.569 ms 


The wireshark screen should look something like this. 
File Edit View Go Capture Analyze Statistics Telephony Tools Help 


Seaet@e S2BBxezeai2r._eanFrZ RQAQ 
Mriter:\dns —“—sSsSY of Expression... | & Clear] </ Apply 


No.. |Time Source Destination Protocol] Info 


18 8.710490 192.168.1.34 192.168.1.1 Standard query A www. Linux-training.be 


The details in wireshark will say the DNS query was inside a udp packet. 


6. Find an amateur/hobby/club website that features a login prompt. Attempt to login with 
user 'paul' and password ‘hunter2' while your sniffer is running. Now find this information 
in the sniffer. 


286 


Chapter 24. binding and bonding 


Sometimes a server needs more than one ip address on the same network card, we call this 
binding ip addresses. 


Linux can also activate multiple network cards behind the same ip address, this is called 
bonding. 


This chapter will teach you how to configure binding and bonding on the most common 
Linux distributions. 
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24.1. binding on Redhat/Fedora 


24.1.1. binding extra ip addresses 


To bind more than one ip address to the same interface, use ifcfg-eth0:0, where the last 
zero can be anything else. Only two directives are required in the files. 


[root@rhel6 ~]# cat /etc/sysconfig/network-scripts/ifcfg-eth0:0 
DEVICE="eth0:0" 

LPADDR=VA92 2 Loe. is3" 

[root@rhel6 ~]# cat /etc/sysconfig/network-scripts/ifcfg-eth0:1 
DEVICE="eth0:0" 

IPADDR="192.168.1.142" 


24.1.2. enabling extra ip-addresses 


To activate a virtual network interface, use ifup, to deactivate it, use ifdown. 


[root@rhel6 ~]# ifup eth0:0 

[root@rhel6 ~]# ifconfig grep ‘inet '' 
Inmet addres i927 los. 99 Beaste92. N68 la255 | Maske 255.255 ..255.10 
inet addrii 92. 6s. 138" (Beastsl92. 68.1 .255 “Masi: 255.255).255:.10 
inet addr:127.0.0.1 Mask:255.0.0.0 

[root@rhel6 ~]# ifup eth0:1 

[root@rhel6 ~]# ifconfig | grep ‘inet ' 
inet addrri92. 6s. 1.99° Beast:i92 168.1. 255. (Masks2557255..255).10 
shinee erelola hile iol i jils\s} yee Ile iG IGA Ss  WESKe ASS 5255) 5 255 50) 
inet daddrsi92- 6s. 1.142 Beasts192.168.1.255 Mask? 255.255. 255)...0 
inet addr:127.0.0.1 Mask:255.0.0.0 


24.1.3. verifying extra ip-addresses 


Use ping from another computer to check the activation, or use ifconfig like in this 
screenshot. 


[root@rhel6 ~]# ifconfig 
etho Link encap:Ethernet HWaddr 08:00:27:DD:0D:5C 
imer adds T9227 N6e.l799 Beasts lo2 lees. 255 Maski255. 255. 255..0 
inet6 addr: fe80::a00:27ff:fedd:d5c/64 Scope:Link 
UP BROADCAST RUNNING MULTICAST MTU:1500 Metric:1 
RX packets:1259 errors:0 dropped:0 overruns:0 frame:0 
TX packets:545 errors:0 dropped:0 overruns:0 carrier:0 
collisions:0 txqueuelen:1000 
RX bytes:115260 (112.5 KiB) TX bytes:84293 (82.3 KiB) 


eth0O:0 Link encap:Ethernet HWaddr 08:00:27:DD:0D:5C 
inetaaddrs SIZ God h3 Ss s Beasts o7 soon le. Zoo Masi 2A ooo Ooi 
UP BROADCAST RUNNING MULTICAST MTU:1500 Metric:1 


eth0O:1 Link encap:Ethernet HWaddr 08:00:27:DD:0D:5C 
inet caddis 92. hos ha 2 Beasts LOZ eI Zioo | Melsia2.5io).. 2.5) ols A oo 0 
UP BROADCAST RUNNING MULTICAST MTU:1500 Metric:1 
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24.2. binding on Debian/Ubuntu 


24.2.1. binding extra ip addresses 


The configuration of multiple ip addresses on the same network card is done in/etc/network/ 


interfaces by adding eth0:x devices. Adding the netmask is mandatory. 


debian5:~# cat /etc/network/interfaces 
# This file describes the network interfaces available on your system 


# and how to activate them. 


For more information, 


# The loopback network interface 


auto lo 


iface lo inet loopback 


# The primary network interface 
iface ethO inet 
address 192.168 
network 192.168 
netmask 255.255.255.0 
gateway 192.168 


auto eth0 


auto eth0:0 


static 
elie 34 


cee) 


pera 


iface eth0:0 inet static 
address 192.168.1.233 
netmask 255.255.255.0 


auto eth0:1 


iface eth0O:1 inet static 
address 192.168.1.242 
netmask 255.255.255.0 


24.2.2. enabling extra ip-addresses 


Use ifup to enable the extra addresses. 


debian5:~# ifup eth0:0 
debian5:~# ifup eth0:1 


24.2.3. verifying extra ip-addresses 


Use ping from another computer to check the activation, or use ifconfig like in this 


screenshot. 


debian5:~# 
inet 
inet 
inet 
inet 
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addr 
addr 
addr 
addr 


ml, 
292 
GALeye 
lee 


68:1. 34 


sSis Leas yee pI Woe. Ly ASS 
Osh a ZaZ SBeasie: Lo2e 6ey bo 255 


sO 5 Oo Al 


Mask:255.0.0.0 


see interfaces(5). 


Beast OZ ec Zoom Maskis2 bok Zo Zo oO 


Maisie 255 255m oo0) 
Mask 3255..2551.2515'..0 
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24.3. bonding on Redhat/Fedora 


We start with ifconfig -a to get a list of all the network cards on our system. 


[root@rhel6 network-scripts]# ifconfig -a | grep Ethernet 


etho Link encap:Ethernet HWaddr 08:00:27:DD:0D:5C 
eth1l Link encap:Ethernet HWaddr 08:00:27:DA:C1:49 
eth2 Link encap:Ethernet HWaddr 08:00:27:40:03:3B 


In this demo we decide to bond eth1 and eth2. 


We will name our bond bond0 and add this entry to modprobe so the kernel can load the 
bonding module when we bring the interface up. 


[root@rhel6 network-scripts]# cat /etc/modprobe.d/bonding.conf 
alias bond0O bonding 


Then we create /etc/sysconfig/network-scripts/ifcfg-bond0 to configure our bond0 
interface. 


[root@rhel6 network-scripts]# pwd 
/etc/sysconfig/network-scripts 

[root@rhel6 network-scripts]# cat ifcfg-bond0 
DEVICE=bond0 

TPADDR=192.168.1.199 

NETMASK=255.255.255.0 

ONBOOT=yes 

BOOTPROTO=none 

USERCTL=no 


Next we create two files, one for each network card that we will use as slave in bond0. 


[root@rhel6 network-scripts]# cat ifcfg-ethl 
DEVICE=ethl 

BOOTPROTO=none 

ONBOOT=yes 

MASTER=bond0 

SLAVE=yes 

USERCTL=no 

[root@rhel6 network-scripts]# cat ifcfg-eth2 
DEVICE=eth2 

BOOTPROTO=none 

ONBOOT=yes 

MASTER=bond0 

SLAVE=yes 

USERCTL=no 


Finally we bring the interface up with ifup bond0. 


[root@rhel6 network-scripts]# ifup bond0d 

[root@rhel6 network-scripts]# ifconfig bond0d 

bond0 Link encap:Ethernet HWaddr 08:00:27:DA:C1:49 

inet addr 192 less 199 Beasits192 lees. 255" Masik:255.255).25.51..0 
inet6 addr: fe80::a00:27ff:feda:cl149/64 Scope:Link 

UP BROADCAST RUNNING MASTER MULTICAST MTU:1500 Metric:1 

RX packets:251 errors:0 dropped:0 overruns:0 frame:0 

TX packets:21 errors:0 dropped:0 overruns:0 carrier:0 
collisions:0 txqueuelen:0 

RX bytes:39852 (38.9 KiB) TX bytes:1070 (1.0 KiB) 


The bond should also be visible in /proc/net/bonding. 
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[root@rhel6 network-scripts]# cat /proc/net/bonding/bond0d 
Ethernet Channel Bonding Driver: v3.5.0 (November 4, 2008) 


Bonding Mode: load balancing (round-robin) 
MII Status: up 

MII Polling Interval (ms): 0 

Up Delay (ms): 0 

Down Delay (ms): 0 


Slave Interface: ethl 

MII Status: up 

hin Beadkirre Count. 10 

Permanent HW addr: 08:00:27:da:cl1:49 


Slave Interface: eth2 

MII Status: up 

honk Handhines Count. 0 

Permanent HW addr: 08:00:27:40:03:3b 
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24.4. bonding on Debian/Ubuntu 


We start with ifconfig -a to get a list of all the network cards on our system. 


debian5:~# ifconfig -a grep Ethernet 


etho Link encap:Ethernet HWaddr 08:00:27:bb:18:a4 
ethl Link encap:Ethernet HWaddr 08:00:27:63:9a:95 
eth2 Link encap:Ethernet HWaddr 08:00:27:27:a4:92 


In this demo we decide to bond eth1 and eth2. 


We also need to install the ifenslave package. 


debian5:~# aptitude search ifenslave 

p ifenslave - Attach and detach slave interfaces to a bonding device 
p ifenslave-2.6 - Attach and detach slave interfaces to a bonding device 
debian5:~# aptitude install ifenslave 

Reading package lists... Done 


Next we update the /etc/network/interfaces file with information about the bond0 interface. 


debian5:~# tail -7 /etc/network/interfaces 
iface bondO inet static 

address 192.168.1.42 

netmask 255.255.255.0 

gateway 192.168.1.1 

slaves ethl eth2 

bond-mode active-backup 

bond_primary ethl 


On older version of Debian/Ubuntu you needed to modprobe bonding, but this is no longer 
required. Use ifup to bring the interface up, then test that it works. 


debian5:~# ifup bond0o 

debian5:~# ifconfig bond0 

bondo Link encap:Ethernet HWaddr 08:00:27:63:9a:95 

IMet addr 92 6s. 42 Beasts I2. 168 255° (Mask:255.255.255..10 
inet6 addr: fe80::a00:27ff:fe63:9a95/64 Scope:Link 

UP BROADCAST RUNNING MASTER MULTICAST MTU:1500 Metric:1 

RX packets:212 errors:0 dropped:0 overruns:0 frame:0 

TX packets:39 errors:0 dropped:0 overruns:0 carrier:0 
collisions:0 txqueuelen:0 

RX bytes:31978 (31.2 KiB) TX bytes:6709 (6.5 KiB) 


The bond should also be visible in /proc/net/bonding. 


debian5:~# cat /proc/net/bonding/bondo 
Ethernet Channel Bonding Driver: v3.2.5 (March 21, 2008) 


Bonding Mode: fault-tolerance (active-backup) 
Primary Slave: ethl 

Currently Active Slave: ethl 

ME Staewis ss wp: 

MII Polling Interval (ms): 0 

Up Delay (ms): 0 

Down Delay (ms): 0 


Slave Interface: ethl 


MII Status: up 
Link Failure Count: 0 
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Permanent HW addr: 08:00:27:63:9a:95 


Slave Interface: eth2 

MII Status: up 

Eink Barlune Count: 0 

Permanent HW addr: 08:00:27:27:a4:92 
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24.5. practice: binding and bonding 


1. Add an extra ip address to one of your network cards. Test that it works (have your 
neighbour ssh to it)! 


2. Use ifdown to disable this extra ip address. 


3. Make sure your neighbour also succeeded in binding an extra ip address before you 
continue. 


4. Add an extra network card (or two) to your virtual machine and use the theory to bond 
two network cards. 
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24.6. solution: binding and bonding 


1. Add an extra ip address to one of your network cards. Test that it works (have your 
neighbour ssh to it)! 


Redhat /Fedora: 
add an /etc/sysconfig/network-scripts/ifcfg-ethx:X file 
as shown in the theory 


Debian/Ubuntu: 
expand the /etc/network/interfaces file 
as shown in the theory 


2. Use ifdown to disable this extra ip address. 


ifdown eth0:0 


3. Make sure your neighbour also succeeded in binding an extra ip address before you 
continue. 


ping Sextra_ip_ neighbour 
or 
ssh S$extra_ip_neighbour 


4. Add an extra network card (or two) to your virtual machine and use the theory to bond 
two network cards. 


Redhat /Fedora: 

add ifcfg-ethxX and ifcfg-bondX files in /etc/sysconfig/network-scripts 
as shown in the theory 

and don't forget the modprobe.conf 


Debian/Ubuntu: 

expand the /etc/network/interfaces file 

as shown in the theory 

and don't forget to install the ifenslave package 
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Chapter 25. ssh client and server 


The secure shell or ssh is a collection of tools using a secure protocol for communications 
with remote Linux computers. 


This chapter gives an overview of the most common commands related to the use of the 
sshd server and the ssh client. 
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25.1. about ssh 


25.1.1. secure shell 


Avoid using telnet, rlogin and rsh to remotely connect to your servers. These older protocols 
do not encrypt the login session, which means your user id and password can be sniffed by 
tools like wireshark or tcpdump. To securely connect to your servers, use ssh. 


The ssh protocol is secure in two ways. Firstly the connection is encrypted and secondly 
the connection is authenticated both ways. 


An ssh connection always starts with a cryptographic handshake, followed by encryption of 
the transport layer using a symmetric cypher. In other words, the tunnel is encrypted before 
you start typing anything. 


Then authentication takes place (using user id/password or public/private keys) and 
communication can begin over the encrypted connection. 


The ssh protocol will remember the servers it connected to (and warn you in case something 
suspicious happened). 


The openssh package is maintained by the OpenBSD people and is distributed with a lot of 
operating systems (it may even be the most popular package in the world). 


25.1.2. /etc/ssh/ 


Configuration of ssh client and server is done in the /etc/ssh directory. In the next sections 
we will discuss most of the files found in /ete/ssh/. 


25.1.3. ssh protocol versions 


The ssh protocol has two versions (1 and 2). Avoid using version | anywhere, since it 
contains some known vulnerabilities. You can control the protocol version via /etc/ssh/ 
ssh_config for the client side and /etc/ssh/sshd_config for the openssh-server daemon. 


paul@ubul1204:/etc/ssh$ grep Protocol ssh_config 
# ProOmocolmeoyal: 

paul@ubul1204:/etc/ssh$ grep Protocol sshd_config 
Protocol 2 
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25.1.4. public and private keys 


The ssh protocol uses the well known system of public and private keys. The below 
explanation is succinct, more information can be found on wikipedia. 


http://en.wikipedia.org/wiki/Public-key_cryptography 


Imagine Alice and Bob, two people that like to communicate with each other. Using public 
and private keys they can communicate with encryption and with authentication. 


When Alice wants to send an encrypted message to Bob, she uses the public key of Bob. 
Bob shares his public key with Alice, but keeps his private key private! Since Bob is the 
only one to have Bob's private key, Alice is sure that Bob is the only one that can read the 
encrypted message. 


When Bob wants to verify that the message came from Alice, Bob uses the public key of 
Alice to verify that Alice signed the message with her private key. Since Alice is the only 
one to have Alice's private key, Bob is sure the message came from Alice. 


25.1.5. rsa and dsa algorithms 


This chapter does not explain the technical implementation of cryptographic algorithms, 
it only explains how to use the ssh tools with rsa and dsa. More information about these 
algorithms can be found here: 


http://en.wikipedia.org/wiki/RSA_(algorithm) 
http://en.wikipedia.org/wiki/Digital_Signature_Algorithm 
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25.2. log on to a remote server 


The following screenshot shows how to use ssh to log on to a remote computer running 
Linux. The local user is named paul and he is logging on as user admin42 on the remote 
system. 


paul@ubul1204:~$ ssh admin42@192.168.1.30 

The authenticity of host '192.168.1.30 (192.168.1.30)' can't be established. 
RSA Key fingerprint ws bd: Eb: Sic:oS/ 50): b4vabs els hssicdi2eybbsbat447d3 375) 

Are you sure you want to continue connecting (yes/no)? 


As you can see, the user paul is presented with an rsa authentication fingerprint from the 
remote system. The user can accepts this bu typing yes. We will see later that an entry will 
be added to the ~/.ssh/known_hosts file. 


paul@ubul204:~$ ssh admin42@192.168.1.30 

The authenticity of host '192.168.1.30 (192.168.1.30)' can't be established. 
RSAY key fingerprint. ws bos fbi: Sicsos: 50): b4vabs els hs: cdieAesbb:bad4 dso). 

Are you sure you want to continue connecting (yes/no)? yes 

Warning: Permanently added '192.168.1.30' (RSA) to the list of known hosts. 
admin42@192.168.1.30's password: 

Welcome to Ubuntu 12.04 LTS (GNU/Linux 3.2.0-26-generic-pae i686) 


* Documentation: https://help.ubuntu.com/ 


1 package can be updated. 
OQ updates are security updates. 


hasizs Logan) Weal wim eto 2 or 5i/ 2 Od 2a tereome di 213) Ores ae 
admin42@ubuserver:~S$ 


The user can get log out of the remote server by typing exit or by using Ctrl-d. 


admin42@ubuserver:~$ exit 

logout 

Connection to 192.168.1.30 closed. 
paul@ubul204:~$ 


25.3. executing a command in remote 


This screenshot shows how to execute the pwd command on the remote server. There is no 
need to exit the server manually. 


paul@ubul204:~$ ssh admin42@192.168.1.30 pwd 
admin42@192.168.1.30's password: 
/home/admin42 

paul@ubul1204:~s 
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25.4. scp 


The sep command works just like ep, but allows the source and destination of the copy to 
be behind ssh. Here is an example where we copy the /etc/hosts file from the remote server 
to the home directory of user paul. 


paul@ubul204:~$ scp admin42@192.168.1.30:/etc/hosts /home/paul/serverhosts 


admin42@192.168.1.30's password: 
hosts 100% 809 0.8KB/s 00:00 


Here is an example of the reverse, copying a local file to a remote server. 
paul@ubul204:~$ scp ~/serverhosts admin42@192.168.1.30:/etc/hosts.new 


admin42@192.168.1.30's password: 
serverhosts 100% 809 0.8KB/s 00:00 
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25.5. setting up passwordless ssh 


To set up passwordless ssh authentication through public/private keys, use ssh-keygen to 
generate a key pair without a passphrase, and then copy your public key to the destination 
server. Let's do this step by step. 


In the example that follows, we will set up ssh without password between Alice and Bob. 
Alice has an account on a Red Hat Enterprise Linux server, Bob is using Ubuntu on his 
laptop. Bob wants to give Alice access using ssh and the public and private key system. This 
means that even if Bob changes his password on his laptop, Alice will still have access. 


25.5.1. ssh-keygen 


The example below shows how Alice uses ssh-keygen to generate a key pair. Alice does 
not enter a passphrase. 


[alice@RHEL5 ~]$ ssh-keygen -t rsa 

Generating public/private rsa key pair. 

Enter file in which to save the key (/home/alice/.ssh/id_rsa): 
Created directory '/home/alice/.ssh'. 

Enter passphrase (empty for no passphrase) : 

Enter same passphrase again: 

Your identification has been saved in /home/alice/.ssh/id_rsa. 
Your public key has been saved in /home/alice/.ssh/id_rsa.pub. 
The key fingerprint is: 
9b:ac:ac:56:¢c2:98:e5:d9:18:c4:2a:51:72:bb:45:eb alice@RHEL5 
[alice@RHEL5 ~]$ 


You can use ssh-keygen -t dsa in the same way. 
25.5.2. ~/.ssh 


While ssh-keygen generates a public and a private key, it will also create a hidden .ssh 
directory with proper permissions. If you create the .ssh directory manually, then you need 
to chmod 700 it! Otherwise ssh will refuse to use the keys (world readable private keys are 
not secure!). 


As you can see, the .ssh directory is secure in Alice's home directory. 


[alice@RHEL5 ~]$ ls -ld .ssh 
elie ip 2 alice alice 4096 May 1 07:38 .ssh 
[alice@RHEL5 ~]$ 


Bob is using Ubuntu at home. He decides to manually create the .ssh directory, so he needs 
to manually secure it. 

bob@laika:~$ mkdir .ssh 

bob@laika:~$ ls -ld .ssh 

drwxr-xr-x 2 bob bob 4096 2008-05-14 16:53 .ssh 


bob@laika:~$ chmod 700 .ssh/ 
bob@laika:~$ 


25.5.3. id_rsa and id_rsa.pub 


The ssh-keygen command generate two keys in .ssh. The public key is named ~/.ssh/ 
id_rsa.pub. The private key is named ~/.ssh/id_rsa. 
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[alice@RHEL5 ~]$ 1s -1 .ssh/ 

Eotal 6 

Heya aaa 1 alice alice 1671 May 1 07:38 id_rsa 
=Gpw-e-—-rE—— i alice alice 398 May 1 07238 adarsa-pub 


The files will be named id_dsa and id_dsa.pub when using dsa instead of rsa. 
25.5.4. copy the public key to the other computer 


To copy the public key from Alice's server tot Bob's laptop, Alice decides to use sep. 


[alice@RHEL5 .ssh]$ scp id_rsa.pub bob@192.168.48.92:~/.ssh/authorized_keys 
bob@192.168.48.92's password: 
id_rsa.pub 100% 393 0.4KB/s 00:00 


Be careful when copying a second key! Do not overwrite the first key, instead append the 
key to the same ~/.ssh/authorized_keys file! 


cat id_rsa.pub >> ~/.ssh/authorized_keys 


Alice could also have used ssh-copy-id like in this example. 


ssh-copy-id -i .ssh/id_rsa.pub bob@192.168.48.92 
25.5.5. authorized_keys 


In your ~/.ssh directory, you can create a file called authorized_Keys. This file can contain 
one or more public keys from people you trust. Those trusted people can use their private 
keys to prove their identity and gain access to your account via ssh (without password). The 
example shows Bob's authorized_keys file containing the public key of Alice. 


bob@laika:~$ cat .ssh/authorized_keys 

ssh-rsa AAAAB3NzaClyc2EAAAABIWAAAQEApCO9xzyLzJeslsRt+hPyqw2vyzt1D4zTLqk\ 
MDWBR4mMFUuUZD/058313Lg/Q+JIqORSksNzaL/BNLDoul jMpBe2Dmf/u22u4KmqlJBfDhe\ 
yImGSBzeNYCYRSMq78CT919at+y6x/shucwhalLsy8A2XfJI9VCggkVtu7X1WFDL2cum08/0\ 
mRFwVrfc/uPsAn5XkkTscl4g21mQbnp 9wJC4 0pGSJXXMuFOk 8MgCb5ieSnpKFniAKM+tEo\ 
/vVjDGSi3F/bxu691jscrU0VUdI0OSo098HULEf7 JKBRikxGAC7I 4HLat+/zX730IVRFAb2hv\ 
tUhn6RHrBtUJUJbSGiYeFTLDfcTQ== alice@RHEL5 


25.5.6. passwordless ssh 


Alice can now use ssh to connect passwordless to Bob's laptop. In combination with ssh's 
capability to execute commands on the remote host, this can be useful in pipes across 
different machines. 


[alice@RHEL5 ~]$ ssh bob@192.168.48.92 "ls -l1 .ssh" 
total 4 
=EW=r—-—-r—— 1 bob) bob S93 200S=05=14) 17 703 -authoruzedikeys 
[alice@RHEL5 ~]$ 


25.6. X forwarding via ssh 


Another popular feature of ssh is called X11 forwarding and is implemented with ssh -X. 


Below an example of X forwarding: user paul logs in as user greet on her computer to start the 
graphical application mozilla-thunderbird. Although the application will run on the remote 
computer from greet, it will be displayed on the screen attached locally to paul's computer. 
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paul@debian5:~/PDF$ ssh -X greet@greet.dyndns.org -p 55555 

Warning: Permanently added the RSA host key for IP address \ 
"891.240.174.161" to the list of known hosts. 

Password: 

Linux raika 2.6.8-2-686 #1 Tue Aug 16 13:22:48 UTC 2005 i686 GNU/Linux 


East logins hurwan We si2i 35516) 21007 
greet@raika:~$ ps fax | grep thun 
greet@raika:~$ mozilla-thunderbird & 
[a SOSsie 


25.7. troubleshooting ssh 


Use ssh -v to get debug information about the ssh connection attempt. 


paul@debian5:~$ ssh -v bert@192.168.1.192 

OpenSSH_4.3p2 Debian-8ubuntul, OpenSSL 0.9.8c 05 Sep 2006 
debugl: Reading configuration data /home/paul/.ssh/config 
debugl: Reading configuration data /etc/ssh/ssh_config 
debug1l: Applying options for * 

debugi: = Connecting: tom io2 Goro 2 EZ Gor bio Za omie 2 
debugl: Connection established. 

debug1l: identity file /home/paul/.ssh/identity type -1 
debugl: identity file /home/paul/.ssh/id_rsa type 1 

debugl: identity file /home/paul/.ssh/id_dsa type -1 

debugl: Remote protocol version 1.99, remote software version OpenSSH_3 
debugl: match: OpenSSH_3.9p1l pat OpenSSH_3.* 

debugl: Enabling compatibility mode for protocol 2.0 
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25.8. sshd 


The ssh server is called sshd and is provided by the openssh-server package. 


root@ubul204~# dpkg -1l openssh-server | tana al 
ii openssh-server LE So roll Suleybigheioul secure shell (SSH) server,... 


25.9. sshd keys 


The public keys used by the sshd server are located in /etc/ssh and are world readable. The 
private keys are only readable by root. 


root@ubul204~# 1s -1 /etc/ssh/ssh_host_* 


Heya == 1 root root 668 Jun 7 2011 /etc/ssh/ssh_host_dsa_key 
=rw-r—-r—— | root root 598 Jun 7 2011 /ete/ssh/ssh_host_dsa_key.pub 
SV 1 root root 1679 Jun 7 2011 /etc/ssh/ssh_host_rsa_key 
=hWor—-—t—— inoaotmroot S90 wunw? — ZO /ebe/issh/isshunocsturcankey pul 


25.10. ssh-agent 


When generating keys with ssh-keygen, you have the option to enter a passphrase to protect 
access to the keys. To avoid having to type this passphrase every time, you can add the key 
to ssh-agent using ssh-add. 


Most Linux distributions will start the ssh-agent automatically when you log on. 


root@ubul204~# ps -ef | grep ssh-agent 
paul ZA05 2365. 0) Osis. 2 00:00:00 /usr/bin/ssh-agent... 


This clipped screenshot shows how to use ssh-add to list the keys that are currently added 
to the ssh-agent 


paul@debian5:~$ ssh-add -L 
ssh-rsa AAAAB3NzaClyc2EAAAABIWAAAQEAVgI+Vx5UriIsusZP18da8URHGsxG7yivv3/\ 


wMGqa4 8Kelwom8TGb4Sgcwpp/VO/1dA5m+BGCw== paul@deb503 
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25.11. practice: ssh 


0. Make sure that you have access to two Linux computers, or work together with a partner 
for this exercise. For this practice, we will name one of the machines the server. 


1. Install sshd on the server 

2. Verify in the ssh configuration files that only protocol version 2 is allowed. 

3. Use ssh to log on to the server, show your current directory and then exit the server. 
4. Use sep to copy a file from your computer to the server. 

5. Use sep to copy a file from the server to your computer. 


6. (optional, only works when you have a graphical install of Linux) Install the xeyes package 
on the server and use ssh to run xeyes on the server, but display it on your client. 


7. (optional, same as previous) Create a bookmark in firefox, then quit firefox on client and 
server. Use ssh -X to run firefox on your display, but on your neighbour's computer. Do you 
see your neighbour's bookmark ? 


8. Use ssh-keygen to create a key pair without passphrase. Setup passwordless ssh between 
you and your neighbour. (or between your client and your server) 


9.Verify that the permissions on the server key files are correct; world readable for the public 
keys and only root access for the private keys. 


10. Verify that the ssh-agent is running. 


11. (optional) Protect your keypair with a passphrase, then add this key to the ssh-agent 
and test your passwordless ssh to the server. 
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25.12. solution: ssh 


0. Make sure that you have access to two Linux computers, or work together with a partner 
for this exercise. For this practice, we will name one of the machines the server. 


1. Install sshd on the server 


apt-get install openssh-server (on Ubuntu/Debian) 
yum -y install openssh-server (on Centos/Fedora/Red Hat) 


2. Verify in the ssh configuration files that only protocol version 2 is allowed. 


grep Protocol /etc/ssh/ssh*_config 


3. Use ssh to log on to the server, show your current directory and then exit the server. 
user@client$S ssh user@server-ip-—address 
user@serverS pwd 


/home/user 
user@servers exit 


4. Use sep to copy a file from your computer to the server. 


scp localfile user@server:~ 


5. Use sep to copy a file from the server to your computer. 


scp user@server:~/serverfile . 


6. (optional, only works when you have a graphical install of Linux) Install the xeyes package 
on the server and use ssh to run xeyes on the server, but display it on your client. 

on ehe seisvers 

apt-get install xeyes 

OnweEhe iclltent!: 


ssh -X user@server-ip 
xeyes 


7. (optional, same as previous) Create a bookmark in firefox, then quit firefox on client and 
server. Use ssh -X to run firefox on your display, but on your neighbour's computer. Do you 
see your neighbour's bookmark ? 


8. Use ssh-keygen to create a key pair without passphrase. Setup passwordless ssh between 
you and your neighbour. (or between your client and your server) 


See solution in book "Setting up passwordless ssh" 


9. Verify that the permissions on the server key files are correct; world readable for the 
public keys and only root access for the private keys. 


ls -1 /etc/ssh/ssh_host_* 


10. Verify that the ssh-agent is running. 


ps fax | grep ssh-agent 


11. (optional) Protect your keypair with a passphrase, then add this key to the ssh-agent 
and test your passwordless ssh to the server. 
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man ssh-keygen 
man ssh-agent 
man ssh-add 


307 


Chapter 26. introduction to nfs 


The network file system (or simply nfs) enables us since the Eighties to share a directory 
with other computers on the network. 


In this chapter we see how to setup an nfs server and an nfs client computer. 
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26.1. nfs protocol versions 


The older nfs versions 2 and 3 are stateless (udp) by default (but they can use tep). The more 
recent nfs version 4 brings a stateful protocol with better performance and stronger security. 


NFS version 4 was defined in rfe 3010 in 2000 and rfe 3530 in 2003 and requires tcp (port 
2049). It also supports Kerberos user authentication as an option when mounting a share. 
NFS versions 2 and 3 authenticate only the host. 


26.2. rpcinfo 


Clients connect to the server using rpe (on Linux this can be managed by the portmap 
daemon). Look at rpcinfo to verify that nfs and its related services are running. 


root @RHELv4u2:~# /etc/init.d/portmap status 
poroneiemmsys) {(jealcl 1bS)20))) ab) seibhanaebiave;y 6% 

root @RHELv4u2:~# rpcinfo -p 

program vers proto port 


100000 z eep 111 portmapper 
100000 z, udp 111 portmapper 
100024 1 udp 32768 status 
100024 1 tep 32769 status 


root@RHELv4u2:~# service nfs start 


Starting NFS services: [ OK ] 
Starting NFS quotas: [ OK J] 
Starting NFS daemon: [ OK ] 
Starting NFS mountd: [ OK ] 


The same rpcinfo command when nfs is started. 


root @RHELv4u2:~# rpcinfo —p 
program vers proto jolonaic 


100000 2 tcp 111 portmapper 
100000 2 udp 111 portmapper 
100024 db udp 32768 status 
100024 ab tep, 32769" status 
100011 1 udp 985 rquotad 
100011 Z udp 985 rquotad 
HO OOMEL 1 ep 988 rquotad 
ALONG) aL Z ep 988 rquotad 
100003 @ udp 2049 nts 
100003 3 udp 2049 nfs 
100003 4 udp 2049 nfs 
100003 2 tcp 2049" mits 
100003 3 tep 2049 nfs 
100003 4 ep 2049 nfs 
100021 il udp 32770 nlockmgr 
100021 3 udp 32770 nlockmgr 
100021 4 ude 32770 niockmg: 
100021 il eepy S27.69 ) nlvockmag re 
LOOOZM 3 tep 32789 niockmgr 
100021 4 teps 32789" —nloekmgr 
100005 1 udp 1004 mountd 
100005 1 Zep 1007 mountd 
100005 2 udp 1004 mountd 
100005 2 ep 1007 mountd 
100005 3 udp 1004 mountd 
100005 3 Zep 1007 mountd 
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26.3. server configuration 


nfs is configured in /etc/exports. You might want some way (Idap?) to synchronize userid's 
across computers when using nfs a lot. 


The rootsquash option will change UID 0 to the UID of a nobody (or similar) user account. 
The sync option will write writes to disk before completing the client request. 


26.4. /etc/exports 


Here is a sample /etc/exports to explain the syntax: 


paul@laika:~$ cat /etc/exports 
# Everyone can read this share 
/mnt/data/iso *(ro) 


# Only the computers named pasha and barry can readwrite this one 
/var/www pasha(rw) barry (rw) 


# same, but without root squashing for barry 
/var/ftp pasha(rw) barry (rw,no_root_squash) 


# everyone from the netsec.local domain gets access 
/var/backup * .netsec.local (rw) 


# ro for one network, rw for the other 
/var/upload MOD AGS OY 2A Geo) OA. GS). 0/7 24) (ram) 


More recent incarnations of nfs require the subtree_check option to be explicitly set (or 
unset with no_subtree_check). The /etc/exports file then looks like this: 


root@debian6 ~# cat /etc/exports 
# Everyone can read this share 
/srv/iso *(ro,no_subtree_check) 


# Only the computers named pasha and barry can readwrite this one 
/var/www pasha(rw,no_subtree_check) barry (rw,no_subtree_check) 


# same, but without root squashing for barry 
/var/ftp pasha(rw,no_subtree_check) barry (rw,no_root_squash, no_subtree_check) 


26.5. exportfs 


You don't need to restart the nfs server to start exporting your newly created exports. You 
can use the exportfs -va command to do this. It will write the exported directories to /var/ 
lib/nfs/etab, where they are immediately applied. 


root@debian6 ~# exportfs -va 
exporting pasha:/var/ftp 
exporting barry:/var/ftp 
exporting pasha:/var/www 
exporting barry:/var/www 
exporting *:/srv/iso 
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26.6. client configuration 


We have seen the mount command and the /ete/fstab file before. 


root @RHE] 

root @RHE] 
barry:/mnt/data/iso 
root @RHELv4u2: ~# 


Lv4u2:~# mount -t nfs barry:/mnt/data/iso /home/project55/ 
Lv4u2:~# cat /etc/fstab | grep nfs 
/home/iso 


nfs defaults 0 0 


Here is another simple example. Suppose the project55 people tell you they only need a 
couple of CD-ROM images, and you already have them available on an nfs server. You 
could issue the following command to mount this storage on their /home/project55 mount 


point. 

root @RHEI 
root@RHELv4u2:~# ls -lh 
total 3.6G 

adrwxr—xr—x 2 1000 1000 
drwxr-xr-x 2 1000 1000 
Giewseae sore x ee OO Oe OOO 
drwxr-xr-x 2 1000 1000 
—iiii—ie——ie—— il seteyenr s2/eyone 


root @RHELv4u2: ~# 


/home/project55/ 


OK 
SOK 
SOS 
OK 
BOG 


Pee BB 


Jan 
Jan 
Jan 
Jan 
OCE 


16 
16 
16 
16 
13 


dyes 
14: 
14: 
algae 
SEs 


55 
14 
54 
09 
Ze 
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Lv4u2:~# mount -t nfs 192.168.1.40:/mnt/data/iso /home/project55/ 


RHELVv4ul 
RHELV4u2 
RHELv4u3 
RHELV4u4 
sled10-vmwarews5-vm. zip 
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26.7. practice: introduction to nfs 


1. Create two directories with some files. Use nfs to share one of them as read only, the other 
must be writable. Have your neighbour connect to them to test. 


2. Investigate the user owner of the files created by your neighbour. 


3. Protect a share by ip-address or hostname, so only your neighbour can connect. 
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27.1. introduction to iptables 
27.1.1. iptables firewall 


The Linux kernel has a built-in stateful firewall named iptables. To stop the iptables firewall 
on Red Hat, use the service command. 


root@RHELv4u4:~# service iptables stop 


Flushing firewall rules: [ OF of 
Setting chains to policy ACCEPT: filter iL Oe | 
Unloading iptables modules: [ OK J] 


root @RHELv4u4: ~# 


The easy way to configure iptables, is to use a graphical tool like KDE's kmyfirewall 
or Security Level Configuration Tool. You can find the latter in the graphical menu, 
somewhere in System Tools - Security, or you can start it by typing system-config- 
securitylevel in bash. These tools allow for some basic firewall configuration. You can 
decide whether to enable or disable the firewall, and what typical standard ports are allowed 
when the firewall is active. You can even add some custom ports. When you are done, the 
configuration is written to /etc/sysconfig/iptables on Red Hat. 


root @RHELv4u4:~# cat /etc/sysconfig/iptables 

# Firewall configuration written by system-config-securitylevel 
# Manual customization of this file is not recommended. 

*falter 

sENPUL ACCEPT [0:0] 

:FORWARD ACCEPT [0:0] 

JOULE Ud RAC CHEE O=.0)] 


:RH-Firewall-1-INPUT - [0:0] 

-A INPUT -j RH-Firewall-1-INPUT 

-A FORWARD -j RH-Firewall-1-INPUT 

-A RH-Firewall-1-INPUT -i lo -—j ACCEPT 

-A RH-Firewall-1-INPUT -p icmp --icmp-type any -—j ACCEPT 

-A RH-Firewall-1-INPUT -p 50 eACCHEA 

-A RH-Firewall-1-INPUT -p 51 j ACCEPT 

-A RH-Firewall-1-INPUT -p udp dport, 5356) —d 22470 s0e 2510 7) -ACCH Pa 

-A RH-Firewall-1-INPUT -p udp -m udp dpore, 6315 —7 ACCEPT 

-A RH-Firewall-1-INPUT -m stat state ESTABLISHED, RELATED -j ACCEPT 
=A RH-E...NEUT =m stat state NEW -m tcp -p tcp dport. 22 =], ACCEPT 
aR Ee. NEW merciecite state NEW -m tcp -p tcp ports 0m qe ACCEPAl 
=A RH-E...NEUT =m stat state NEW -m tcp -p tcp dport. 215-7) ACCEPT 
ak RoE NEU —mnsieat state NEW -m tcp -p tcp dporiZ5)— 7) ACCEPT 
-A RH-Firewall-1-INPUT -j REJECT --reject-with icmp—-host-prohibited 
COMMIT 


root @RHELv4u4: ~# 


To start the service, issue the service iptables start command. You can configure iptables 
to start at boot time with chkconfig. 


root@RHELv4u4:~# service iptables start 

Applying iptables firewall rules: | © | 
root @RHELv4u4:~# chkconfig iptables on 

root @RHELv4u4: ~# 
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One of the nice features of iptables is that it displays extensive status information when 
queried with the service iptables status command. 


root @RHELv4u4:~# service iptables status 

Table: filter 

Chain INPUT (policy ACCEPT) 

target prot opt source destination 
RH-Firewall-1-INPUT all -- 0.0.0.0/0 OHIO 02 017 0 


Chain FORWARD (policy ACCEPT) 
target prot opt source destination 


RH-Firewall-1-INPUT all -- 0.0.0.0/0 (0) (05105 (0/00) 


Chain OUTPUT (policy ACCEPT) 
target prot opt source destination 


Chain RH-Firewall-1-INPUT (2 references) 


target prot opt source destination 

AGELP LT Vala —— 00302070 02030 210/70 

ACCEPT aemp  =— 0-0). 0'20/70 O00 q10//0) icmp type 255 

ACCEPT esp -- 0.0.0.0/0 O00 2107 0 

ACCEPT ah == O05. 0/0 OOO 0/70 

AGCCHP LT udes = 00.10/10 22430 j025 1. udp! dpr:5353 

ACCEPT) udp. =— )70-0).10% 0/70 OO EOaI0//0 udp dpt:631 

ACCEPT Valli —— 507 00 0/70 O20 2070/70 state RELATED, ESTABLISHED 
ACCEPT tep == 0. 0).0.0/70 0.0.0.0/0 state NEW tcp dpt:22 
NGCINEW wey == 10) , 10 10 4 10)/10 O00 210/10 state NEW tcp dpt:80 
ACCEPT “tep == 0. /0/.0).10/70 O00 10/0 state NEW tcp dpt:21 
VACICMHEME Fetes) == 10) 410) 5104 10)//10) 02 00.21070 state NEW tcp dpt:25 
REGHCl c= 100210 3.0/10 OOO 0/40 reject-with icmp-host-prohibited 


root @RHELv4u4: ~# 


Mastering firewall configuration requires a decent knowledge of tcp/ip. Good iptables 
tutorials can be found online here http://iptables-tutorial.frozentux.net/iptables-tutorial.html 
and here http://tldp.org/HOWTO/IP-Masquerade-HOWTO/. 


27.2. practice : iptables 


1. Verify whether the firewall is running. 


2. Stop the running firewall. 
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27.3. solution : iptables 


1. Verify whether the firewall is running. 


root@rhel55 ~# service iptables status | head 

Table: filter 

Chain INPUT (policy ACCEPT) 

num target prot opt source destination 

il RH-Firewall-1-INPUT all -- 0.0.0.0/0 0.0.0.0/0 


Chain FORWARD (policy ACCEPT) 
num target prot opt source destination 


1 RH-Firewall-1-INPUT all -- 0.0.0.0/0 OMORO 0/10 


Chain OUTPUT (policy ACCEPT) 


2. Stop the running firewall. 


root@rhel55 ~# service iptables stop 


Flushing firewall rules: [ OK 
Setting chains to policy ACCEPT: filter [ OK 
Unloading iptables modules: [ OK 


root@rhel55 ~# service iptables status 
Firewall is stopped. 
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27.4. xinetd and inetd 


27.4.1. the superdaemon 


Back when resources like RAM memory were limited, a super-server was devised to listen 
to all sockets and start the appropriate daemon only when needed. Services like swat, telnet 
and ftp are typically served by such a super-server. The xinetd superdaemon is more recent 
than inetd. We will discuss the configuration both daemons. 


Recent Linux distributions like RHELS and Ubuntu10.04 do not activate inetd or xinetd by 
default, unless an application requires it. 


27.4.2. inetd or xinetd 


First verify whether your computer is running inetd or xinetd. This Debian 4.0 Etch is 
running inetd. 


root@barry:~# ps fax | grep inet 
Syeh7/0) 2 Ss 0:00 /usr/sbin/inetd 


This Red Hat Enterprise Linux 4 update 4 is running xinetd. 


[root@RHEL4b ~]# ps fax | grep inet 
3003 ? Ss 0:00 xinetd -stayalive -pidfile /var/run/xinetd.pid 


Both daemons have the same functionality (listening to many ports, starting other daemons 
when they are needed), but they have different configuration files. 


27.4.3. xinetd superdaemon 


The xinetd daemon is often called a superdaemon because it listens to a lot of incoming 
connections, and starts other daemons when they are needed. When a connection request 
is received, xinetd will first check TCP wrappers (/etc/hosts.allow and /etc/hosts.deny) and 
then give control of the connection to the other daemon. This superdaemon is configured 
through /etc/xinetd.conf and the files in the directory /etc/xinetd.d. Let's first take a look 
at /etc/xinetd.conf. 


paul@RHELv4u2:~S cat /etc/xinetd.conf 

# 

# Simple configuration file for xinetd 

# 

# Some defaults, and include /etc/xinetd.d/ 


defaults 

{ 

instances = 60 

log_type = SYSLOG authpriv 
log_on_success = HOST PID 
log_on_failure = HOST 

cps = 29) 310 
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j 
includedir /etc/xinetd.d 


paul@RHELv4u2:~$ 


According to the settings in this file, xinetd can handle 60 client requests at once. It uses the 
authpriv facility to log the host ip-address and pid of successful daemon spawns. When a 
service (aka protocol linked to daemon) gets more than 25 cps (connections per second), it 
holds subsequent requests for 30 seconds. 


The directory /etc/xinetd.d contains more specific configuration files. Let's also take a look 
at one of them. 


paul@RHELv4u2:~$ ls /etc/xinetd.d 


amanda chargen-udp echo klogin rexec talk 
amandaidx cups-—lpd echo-udp krb5-telnet rlogin telnet 
amidxtape daytime eklogin kshell rsh JeABie |S) 
auth daytime-udp finger ktalk rsync time 
chargen dbskkd-cdb gssftp ntalk swat time-udp 


paul@RHELv4u2:~S cat /etc/xinetd.d/swat 

# default: off 

# description: SWAT is the Samba Web Admin Tool. Use swat \ 

# to configure your Samba server. To use SWAT, \ 

# connect to port 901 with your favorite web browser. 
service swat 


{ 


port = 901 
socket_type = stream 

wait = no 

only_from nO el 

user = root 

server = /usr/sbin/swat 
log_on_failure += USERID 
disable = yes 


} 
paul@RHELv4u2:~$ 


The services should be listed in the /etc/services file. Port determines the service port, and 
must be the same as the port specified in /etc/services. The socket_type should be set to 
stream for tcp services (and to dgram for udp). The log_on_failure += concats the userid 
to the log message formatted in /etc/xinetd.conf. The last setting disable can be set to yes 
or no. Setting this to no means the service is enabled! 


Check the xinetd and xinetd.conf manual pages for many more configuration options. 


27.4.4. inetd superdaemon 


This superdaemon has only one configuration file /etc/inetd.conf. Every protocol or daemon 
that it is listening for, gets one line in this file. 


root@barry:~# grep ftp /etc/inetd.conf 
tftp dgram udp wait nobody /usr/sbin/tcpd /usr/sbin/in.tftpd /boot/tftp 
root@barry:~# 
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You can disable a service in inetd.conf above by putting a # at the start of that line. Here an 
example of the disabled vmware web interface (listening on tcp port 902). 


paul@laika:~$ grep vmware /etc/inetd.conf 
#902 stream tcp nowait root /usr/sbin/vmware-authd vmware-authd 


27.5. practice : inetd and xinetd 


1. Verify on all systems whether they are using xinetd or inetd. 
2. Look at the configuration files. 


3. (If telnet is installable, then replace swat in these questions with telnet) Is swat installed ? 
If not, then install swat and look at the changes in the (x)inetd configuration. Is swat enabled 
or disabled ? 


4. Disable swat, test it. Enable swat, test it. 
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27.6. network file system 
27.6.1. protocol versions 


The older nfs versions 2 and 3 are stateless (udp) by default, but they can use tcp. Clients 
connect to the server using rpe (on Linux this is controlled by the portmap daemon. Look 
at rpcinfo to verify that nfs and its related services are running. 


root @RHELv4u2:~# /etc/init.d/portmap status 
portmap (pid 1920) is running... 

root @RHELv4u2:~# rpcinfo -p 

program vers proto port 


100000 Z Zep 111 portmapper 

100000 2 udp 111 portmapper 

100024 1 udp 32768 status 

100024 al tcp 32769 status 

root@RHELv4u2:~# service nfs start 

Starting NFS services: [ OK ] 
Starting NFS quotas: [lg || 
Starting NFS daemon: [ OK ] 
Starting NFS mountd: [ OK ] 


The same rpcinfo command when nfs is started. 


root @RHELv4u2:~# rpcinfo —p 
program vers proto port 


100000 Z tcp 111 portmapper 
100000 2 udp 111 portmapper 
100024 1 udp 32768 status 
100024 dD tep 32769 status 
HO OO di udp 985 rquotad 
ECO) aL AL 2 udp 985 rquotad 
100011 1 eep 988 rquotad 
HOOT 2 ep 988 rquotad 
100003 2 udp 2049° “nits 
100003 3 udp 2049 nts 
100003 4 udp 2049 nfs 
100003 2 cep 2049 nfs 
100003 3 tep 2049 nfs 
100003 4 tcp 2049 nfs 
100021 al udp 32770 nlockmgr 
100021 3 udp 32770 nlockmgr 
100021 4 udp 32770 nlockmgr 
100021 al tee 32789)  nlockmngr 
100021 3 Pepe SZ 7.69) nilockma ts 
100021 4 tep 32789 mnilockmgr 
100005 al udp 1004 mountd 
100005 1 ep 1007 mountd 
100005 zZ udp 1004 mountd 
100005 a ep 1007 mountd 
100005 3 udp 1004 mountd 


100005 3 ep 1007 mountd 
root @RHELv4u2: ~# 


nfs version 4 requires tcp (port 2049) and supports Kerberos user authentication as an 
option. nfs authentication only takes place when mounting the share. nfs versions 2 and 3 
authenticate only the host. 
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27.6.2. server configuration 


nfs is configured in /etc/exports. Here is a sample /etc/exports to explain the syntax. You 
need some way (NIS domain or LDAP) to synchronize userid's across computers when 
using nfs a lot. The rootsquash option will change UID 0 to the UID of the nfsnobody user 
account. The syne option will write writes to disk before completing the client request. 


paul@laika:~$ cat /etc/exports 
# Everyone can read this share 
/mnt/data/iso ~*(ro) 


# Only the computers barry and pasha can readwrite this one 
/var/www pasha(rw) barry (rw) 


# same, but without root squashing for barry 
/var/ftp pasha(rw) barry (rw,no_root_squash) 


# everyone from the netsec.lan domain gets access 
/var/backup * netsec.lan (rw) 


# ro for one network, rw for the other 
/var/upload 192.168.1.0/24(ro) 192.168.5.0/24 (rw) 


You don't need to restart the nfs server to start exporting your newly created exports. You 
can use the exportfs -va command to do this. It will write the exported directories to /var/ 
lib/nfs/etab, where they are immediately applied. 


27.6.3. client configuration 


We have seen the mount command and the /ete/fstab file before. 


root @RHELv4u2:~# mount -t nfs barry:/mnt/data/iso /home/project55/ 
root@RHELv4u2:~# cat /etc/fstab | grep nfs 

barry:/mnt/data/iso /home/iso nfs defaults 0 0 
root @RHELv4u2: ~# 


Here is another simple example. Suppose the project55 people tell you they only need a 
couple of CD-ROM images, and you already have them available on an nfs server. You 
could issue the following command to mount this storage on their /home/project55 mount 
point. 


root@RHELv4u2:~# mount -t nfs 192.168.1.40:/mnt/data/iso /home/project55/ 
root@RHELv4u2:~# ls -lh /home/project55/ 
total 3.6G 


drwxr-xr-x 2 1000 1000 4.0K Jan 16 17:55 RHELV4ul 
drwxr-xr-x 2 1000 1000 4.0K Jan 16 14:14 RHELV4u2 
drwxr-xr-x 2 1000 1000 4.0K Jan 16 14:54 RHELV4u3 
drwxr-xr-x 2 1000 1000 4.0K Jan 16 11:09 RHELV4u4 
=EWw-r—--r—— 1 root root 1.66 Oct 13 15222 sledil0-vmwarews5S—vm. zip 


root @RHELv4u2: ~# 
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27.7. practice : network file system 


1. Create two directories with some files. Use nfs to share one of them as read only, the other 
must be writable. Have your neighbour connect to them to test. 


2. Investigate the user owner of the files created by your neighbour. 


3. Protect a share by ip-address or hostname, so only your neighbour can connect. 
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28.1. about the Linux kernel 


28.1.1. kernel versions 


In 1991 Linux Torvalds wrote (the first version of) the Linux kernel. He put it online, and 
other people started contributing code. Over 4000 individuals contributed source code to the 
latest kernel release (version 2.6.27 in November 2008). 


Major Linux kernel versions used to come in even and odd numbers. Versions 2.0, 2.2, 2.4 
and 2.6 are considered stable kernel versions. Whereas 2.1, 2.3 and 2.5 were unstable (read 
development) versions. Since the release of 2.6.0 in January 2004, all development has been 
done in the 2.6 tree. There is currently no v2.7.x and according to Linus the even/stable vs 
odd/development scheme is abandoned forever. 


28.1.2. uname -r 


To see your current Linux kernel version, issue the uname -r command as shown below. 


This first example shows Linux major version 2.6 and minor version 24. The rest -22-generic 
is specific to the distribution (Ubuntu in this case). 


paul@laika:~$ uname -r 
2.6.24-22-generic 


The same command on Red Hat Enterprise Linux shows an older kernel (2.6.18) with 
-92.1.17.el5 being specific to the distribution. 


[paul@RHEL52 ~]$ uname -r 
Preto Al), Al alg) Salis) 


28.1.3. /proc/cmdline 


The parameters that were passed to the kernel at boot time are in /proc/cmdline. 


paul@RHELv4u4:~$ cat /proc/cmdline 
ro root=/dev/VolGroup00/LogVol00 rhgb quiet 
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28.1.4. single user mode 


When booting the kernel with the single parameter, it starts in single user mode. Linux can 
start in a bash shell with the root user logged on (without password). 


Some distributions prevent the use of this feature (at kernel compile time). 
28.1.5. init=/bin/bash 


Normally the kernel invokes init as the first daemon process. Adding init=/bin/bash to the 
kernel parameters will instead invoke bash (again with root logged on without providing a 
password). 


28.1.6. /var/log/messages 


The kernel reports during boot to syslog which writes a lot of kernel actions in /var/log/ 
messages. Looking at this file reveals when the kernel was started, including all the devices 
that were detected at boot time. 


[root@RHEL53 ~]# grep -A16 "syslogd 1.4.1:" /var/log/messages|cut =b24— 


syslogd 1.4.1% 


kernel: 
kernel: 
kernel: 
kernel: 
kernel: 
kernel: 
kernel: 
kernel: 
kernel: 
kernel: 
kernel: 
kernel: 
kernel: 
kernel: 
kernel: 


kernel: 


klogd 1.4.1, 


Peslart . 


log source = 


Linux version 2.6.18-128.e15 


BIOS-e820: 
BIOS-e820: 
BIOS-e820: 
BIOS=esZi0r 
BIOS-e820: 
BIOS-e820: 
BIOS-e820: 
BIOS-e820: 
BIOS-e820: 
BIOS-e820: 
BIOS-e820: 
OMB HIGHMEM 


0000000000000000 
000000000009f800 
00000000000ca000 
00000000000dc000 
0000000000100000 
000000001fef0000 
000000001feff000 
000000001ff00000 
00000000fec00000 
00000000fee00000 
00000000fffe0000 
available. 


512MB LOWMEM available. 


/proc/kmsg started. 
(mockbuild@hs20-bc1-5.build.red... 
BIOS-provided physical RAM map: 


000000000009£800 
00000000000a0000 
00000000000cc000 
0000000000100000 
000000001fef0000 
000000001feff£000 
000000001££00000 
0000000020000000 
00000000fec10000 
00000000fee01000 
0000000100000000 


(usable) 
(reserved) 
(reserved) 
(reserved) 
(usable) 
(ACPI data) 
(ACPI NVS) 
(usable) 
(reserved) 
(reserved) 
(reserved) 


This example shows how to use /var/log/messages to see kernel information about /dev/sda. 


[root @RHEL53 

kernel: SCSI device sda: 
kernel: sda: 

kernel: sda: 

kernel: sda: 

kernel: SCSI device sda: 
kernel: sda: 

kernel: sda: 

kernel: sda: 

kernel: sda: sdal sda2 
kernel: sd 0:0:0:0: 
kernel: EXT3 FS on sdal, 


~]# grep sda /var/log/messages | Cure b24— 
41943040 512-byte hdwr sectors 
Write Protect is off 
cache data unavailable 
assuming drive cache: write through 
41943040 512-byte hdwr sectors 
Write Protect is off 
cache data unavailable 
assuming drive cache: write through 
Attached scsi disk sda 
internal journal 
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28.1.7. dmesg 


The dmesg command prints out all the kernel bootup messages (from the last boot). 


[root@RHEL53 ~]# dmesg | head 
Linux version 2.6.18-128.e15 (mockbuild@hs20-bc1-5.build. redhat .com) 
BIOS-provided physical RAM map: 


BIOS-e820: 0000000000000000 O000000000009f800 (usable) 
BIOS-e820: 000000000009f800 00000000000a0000 (reserved) 
BIOS-e820: 00000000000ca000 00000000000cc000 (reserved) 
BIOS-e820: 00000000000dc000 0000000000100000 (reserved) 
BIOS-e820: 0000000000100000 000000001fef0000 (usable) 
BIOS-e820: 000000001fef0000 000000001fef£000 (ACPI data) 
BIOS-e820: 000000001feff000 000000001ff00000 (ACPI NVS) 
BIOS-e820: 000000001£f£00000 0000000020000000 (usable) 


Thus to find information about /dev/sda, using dmesg will yield only kernel messages from 


the last boot. 


[root@RHEL53 ~]# dmesg | grep sda 


SCSI device sda: 41943040 512-byte hdwr sectors (21475 MB) 
sda: Write Protect is off 
sda: Mode Sense: 5d 00 00 O00 
sda: cache data unavailable 
sda: assuming drive cache: write through 
SCSI device sda: 41943040 512-byte hdwr sectors (21475 MB) 
sda: Write Protect is off 
sda: Mode Sense: 5d 00 00 00 
sda: cache data unavailable 
sda: assuming drive cache: write through 
sda: sdal sda2 
sd 0:0:0:0: Attached scsi disk sda 
EXT3 FS on sdal, internal journal 
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28.2. Linux kernel source 
28.2.1. ftp.kernel.org 


The home of the Linux kernel source is ftp.kernel.org. It contains all official releases of 
the Linux kernel source code from 1991. It provides free downloads over http, ftp and rsync 
of all these releases, as well as changelogs and patches. More information can be otained 
on the website www.kernel.org. 


Anyone can anonymously use an ftp client to access ftp.kernel.org 


paul@laika:~$ ftp ftp.kernel.org 
Connected to pub3.kernel.org. 
220 Welcome to ftp.kernel.org. 


Name (ftp.kernel.org:paul): anonymous 
331 Please specify the password. 
Password: 

230 Welcome to the 

260= 

2305 LINUX KERNEL ARCHIVES 

Z510— ftp.kernel.org 


All the Linux kernel versions are located in the pub/linux/kernel/ directory. 


ftp> ls pub/linux/kernel/v* 
200 PORT command successful. Consider using PASV. 
150 Here comes the directory listing. 


drwxrwsr-x Ze 15) Sh) Bysi(6} 4096 Mar 20 2003 v1.0 
drwxrwsr-x 225316 SSE 20480 Mar 20 2003 v1.1 
drwxrwsr-x 22536 bSI6 CLO Mice AAO) 200s) sil 2 
drwxrwsr-x 25316 536 40960 Mar 20 2003 v1.3 
drwxrwsr-x SHS SSG 16384 Feb 08 2004 v2.0 
drwxrwsr-x 255316 SSI6 53248 Mar 20 2003 v2.1 
drwxrwsr-x 31536 BSi6 12288 Mar 24 2004 v2.2 
drwxrwsr-x 25316 DSi6 ZASTC Mar 210) S2010'3) v.25 Ss 
drwxrwsr-x Smo SI6 SSG 28672 Dec 02 08:14 v2.4 
drwxrwsr-x 4 536 DSI6 a2768 Jul £4 2003S) v2-5 
drwxrwsr-x TSS SIG ANOS S\y2" IDysier Os) AR EG si 5S 
226 Directory send OK. 


ftp> 
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28.2.2. /uSr/srce 


On your local computer, the kernel source is located in /usr/sre. Note though that the 
structure inside /usr/src might be different depending on the distribution that you are using. 


First let's take a look at /usr/sre on Debian. There appear to be two versions of the complete 
Linux source code there. Looking for a specific file (e1000_main.c) with find reveals it's 
exact location. 


paul@barry:~S$ ls -l /usr/src/ 

Giewxe sexe OPO s Foot A036 2006-04-04" 22-2) Hinux—sounmce=2 26. 15 
drwxr—xr—x 19 root root 4096 2006-07-15 17:32 linux—source—2.6.16 
paul@barry:~$ find /usr/src -name e1000_main.c 
/usr/src/linux-source-2.6.15/drivers/net/e1000/e1000_main.c 
/usr/src/linux-source-2.6.16/drivers/net/e1000/e1000_main.c 


This is very similar to /usr/sre on Ubuntu, except there is only one kernel here (and it is 
newer). 


paul@laika:~$ ls -1 /usr/src/ 

drwxr—xr—x 23° root Foot 4096 2008-11-24 23:28 linux-source-2.6.24 
paul@laika:~$ find /usr/srce -name "e1000_main.c" 
/usr/src/linux-source-2.6.24/drivers/net/e1000/e1000_main.c 


Now take a look at /usr/sre on Red Hat Enterprise Linux. 
[paul@RHEL52 ~]$ 1s -1 /usr/src/ 


drwxr-xr-x 5 root root 4096 Dec 5 19:23 kernels 
duwxr—xr—-x 7 Toot root 4096 Oct Il 122) redhat 


We will have to dig a little deeper to find the kernel source on Red Hat! 
[paul@RHEL52 ~]$ cd /usr/src/redhat/BUILD/ 


[paul@RHEL52 BUILD]$ find . -name "el000_main.c" 
./kernel-2.6.18/linux-2.6.18.1686/drivers/net/e1000/e1000_main.c 


330 


the Linux kernel 


28.2.3. downloading the kernel source 
Debian 


Installing the kernel source on Debian is really simple with aptitude install linux-source. 
You can do a search for all linux-source packeges first, like in this screenshot. 


root@barry:~# aptitude search linux-source 


Vv linux-source = 
Vv linux-source-2.6 = 
id linux—source-2.6.15 — Linux kernel source for version 2.6.15 
a Jinux=source—2. 6.16 - Linux kernel source for version 2.6.16 
2) linux-source-2.6.18 - Linux kernel source for version 2.6.18 
p linux-source-2.6.24 - Linux kernel source for version 2.6.24 


And then use aptitude install to download and install the Debian Linux kernel source code. 


root@barry:~# aptitude install linux-source-2.6.24 


When the aptitude is finished, you will see a new file named /usr/src/linux-source- 
<version>.tar.bz2 

root@barry:/usr/src# 1s -lh 

drwxr-xr-x 20 root root 4.0K 2006-04-04 22:12 linux-source-2.6.15 


dmuwxr—xr— x lOMnoor. soot, 40k 200G—O07 loys Soe linux sourpce—2...6). 6 
Sewer Ook hoot 4oMez, 006—12—02 SO s6e la nmx—sounmece—2 16. 24) steer oe, 


Ubuntu 


Ubuntu is based on Debian and also uses aptitude, so the task is very similar. 


root@laika:~# aptitude search linux-source 


st linux-source - Linux kernel source with Ubuntu patches 
Vv linux-source-2.6 = 
i A linux-source-2.6.24 —- Linux kernel source for version 2.6.24 


root@laika:~# aptitude install linux-source 


And when aptitude finishes, we end up with a /usr/sre/linux-source-<version>.tar.bz file. 
oot@laika:~# 11 /usr/src 


total 45M 
ow root rOOt 4oM 2006 =i 2452330) linux—soumee—2 26. 24 ato Ze 
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Red Hat Enterprise Linux 


The Red Hat kernel source is located on the fourth source cdrom. The file is called 
kernel-2.6.9-42.EL.sre.rpm (example for RHELv4u4). It is also available online at ftp:// 
ftp.redhat.com/pub/redhat/linux/enterprise/SServer/en/os/SRPMS/ (example for RHELS). 


To download the kernel source on RHEL, use this long wget command (on one line, without 
the trailing \). 


wget ftp://ftp.redhat.com/pub/redhat/linux/enterprise/5Server/en/os/\ 
SRPMS/kernel-*uname -r*.src.rpm 


When the wget download is finished, you end up with a 60M .rpm file. 


[root@RHEL52 srcj]# 11 

total 60M 

=EWw=e=—-r—=— i root Toot (G0M Dec 5 -20%54° kernel 2.6. 18-92) 17 -elld. sre. rpm 
drwxr-xr-x 5 root root 4.0K Dec 5 19:23 kernels 

drwxr-xr-x 7 root root 4.0K Oct 11 13:22 redhat 


We will need to perform some more steps before this can be used as kernel source code. 


First, we issue the rpm -i kernel-2.6.9-42.EL.srce.rpm command to install this Red Hat 
package. 


[root@RHEL52 src]# 11 

total 60M 

=EbWw=-e—--E—-— 1 Toot root 60M Dee 5 20254 kernel—2.6.18—-92. 1.17 elS sre. rpm 
drwxr-xr-x 5 root root 4.0K Dec 5 19:23 kernels 

dinwise—xr—x 9 7/) “Oot, Foor 40K Oct. Is 1322. redhat 

[root@RHELS2 src]# rpm —i kernel—-2.6.18—-92.1.17.e15.src.rpm 


Then we move to the SPECS directory and perform an rpmbuild. 


[root@RHEL52 ~]# cd /usr/src/redhat/SPECS 
[root@RHEL52 SPECS]# rpmbuild -bp -vv target=i686 kernel-2.6.spec 


The rpmbuild command put the RHEL Linux kernel source code in /usr/sre/redhat/BUILD/ 
kernel-<version>/. 


[root@RHEL52 kernel-2.6.18]# pwd 
/usr/src/redhat/BUILD/kernel-2.6.18 
[root@RHEL52 kernel-2.6.18]# 11 


total 20K 
drwxr-xr-x 2 root root 4.0K Dec 6 2007 config 
=EW=e-—-E—— di root noot SK Dee ~5 20 5o) (Contig mk 


aOR Ieee: 5 ZOe as) alana 6. tte). aS 
-OK Sep 20 2006 vanilla 
-OK Dec 6 2007 xen 


druwxr—=xro=x 20 root, Foot 
duwxr—xr—x 19S rook Toot 
duwxr—xrp—x 6 Toor Foot 


BP BWP 
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28.3. kernel boot files 


28.3.1. vmlinuz 


The vmlinuz file in /boot is the compressed kernel. 


paul@barry 
See = 
Saw, Se ia 
Sense = 


paul@barry: 


:~$ ls -lh /boot | grep vmlinuz 

Inoot Boot 12M) Z006=—03—0i6 Wee 2s vin nuiz Zeon so lA 816 
i root root 2am 2006=03 06) 16-30 vinta nz 26.5 l= 68i6 
1 root root 1.3M 2008-02-11 00:00 vmlinuz—2.6.18—6—-686 


eds) 


28.3.2. initrd 


The kernel uses initrd (an initial RAM disk) at boot time. The initrd is mounted before 
the kernel loads, and can contain additional drivers and modules. It is a compressed cpio 
archive, so you can look at the contents in this way. 


root@RH 
root@RH 
root@RH 


Lv4u4 
Lv4u4 
Lv4u4 
Lv4u4 


:/boot# mkdir /mnt/initrd 

:/boot# cp initrd-2.6.9-42.0.3.EL.img TMPinitrd.gz 
:/boot# gunzip TMPinitrd.gz 

:/boot# file TMPinitrd 


TMPinitrd: ASCII cpio archive (SVR4 with no CRC) 


root@RH 
root@RH 
4985 bl 


E 
E 
E 
root @RHE 
ig 
E 
E 
° 


root@RHELv4u4: 


total 76 

drwxr—=xr—x 
drwxr-xr-x 
drwxr-xr-x 
=KWXE-XE-X 
drwxr-xr-x 
drwxr—xr—x 
drwxr-xr-x 
lrwxrwxrwx 
dew =x rx 
drwxr-xr-x 


root@RHELv4u4: 


cks 


NONRFNNNEF BN ND 


Lv4u4:/boot# cd /mnt/initrd/ 


Lv4u4:/mnt/initrd# cpio -i | /boot/TMPinitrd 
/mnt/initrd# ls -l 
root root 4096 Feb 5 08:36 bin 
root root 4096 Feb 5 08:36 dev 
root root 4096 Feb 5 08:36 etc 
LOGkt Loot W607 Feb 5 082736 smat 
Book, root 4096 Heb, > O38: si6" tab 
root root 4096 Feb 5 08:36 loopfs 
root root 4096 Feb 5 08:36 proc 
root root 3 Heb, “5 0l8=si6 shan => ban 
root root 4096 Feb 5 08:36 sys 
root root 4096 Feb 5 08:36 sysroot 
/mnt/initrd# 
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28.3.3. System.map 


The System.map contains the symbol table and changes with every kernel compile. The 
symbol table is also present in /proc/kallsyms (pre 2.6 kernels name this file /proc/ksyms). 


root@RHELv4u4: /boot# head System.map-—*unam ie 
00000400 A __kernel_vsyscall 


0000041a A SYSENTER_RETURN_OFFSET 
00000420 A __kernel_sigreturn 
00000440 A __kernel_rt_sigreturn 
c0100000 A _text 

c0100000 T startup_32 

c01000c6 t checkCPUtype 

c0100147 t is486 

c010014e t is386 

GOLO0TIF tc 66 

root@RHELv4u4: /boot# head /proc/kallsyms 
c0100228 t _stext 

c0100228 t calibrate_delay_direct 
c0100228 t stext 

c0100337 t calibrate_delay 
c01004db t rest_init 

c0100580 t do_pre_smp_initcalls 
c0100585 t run_init_process 
c01005ac t init 

c0100789 t early_param_test 


c01007ad t early_setup_test 
root @RHELv4u4: /boot# 


28.3.4. .config 


The last file copied to the /boot directory is the kernel configuration used for compilation. 
This file is not necessary in the /boot directory, but it is common practice to put a copy 
there. It allows you to recompile a kernel, starting from the same configuration as an existing 
working one. 
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28.4. Linux kernel modules 


28.4.1. about kernel modules 


The Linux kernel is a monolithic kernel with loadable modules. These modules contain parts 
of the kernel used typically for device drivers, file systems and network protocols. Most of 
the time the necessary kernel modules are loaded automatically and dynamically without 
administrator interaction. 


28.4.2. /lib/modules 


The modules are stored in the /lib/modules/<kernel-version> directory. There is a separate 
directory for each kernel that was compiled for your system. 


paul@laika:~$ 11 /lib/modules/ 

total 12K 

dmwxr=xr—=x 7 “oot root 4.0K 2008-11-10) 14232 256.24-16-generic 
drwxr—xr—x 8 root root 4.0K 2008-12-06 15:39 2.6.24—21-generic 
drwxr=xr=x 0 “root root 4.0K 2008=12—-05 12258 276.24-22-generic 


28.4.3. <module>.ko 


The file containing the modules usually ends in .ko. This screenshot shows the location of 
the isdn module files. 


paul@laika:~$ find /lib/modules -name isdn.ko 

/lib/modules/2.6.24-21-generic/kernel/drivers/isdn/i4l/isdn.ko 
/lib/modules/2.6.24-22-generic/kernel/drivers/isdn/i4l/isdn.ko 
/lib/modules/2.6.24-16-generic/kernel/drivers/isdn/i4l/isdn.ko 


28.4.4. Ismod 


To see a list of currently loaded modules, use Ismod. You see the name of each loaded 
module, the size, the use count, and the names of other modules using this one. 


[root@RHEL52 ~]# lsmod | head -5 


Module Size Used by 
autofs4 ZA a ae 

hidp 23105) 2 

rfcomm 42457 0 

12cap 29505) 30) shalde) akcomnm 


335 


the Linux kernel 


28.4.5. /proc/modules 


/proc/modules lists all modules loaded by the kernel. The output would be too long to 
display here, so lets grep for the vm module. 


We see that vmmon and vmnet are both loaded. You can display the same information with 
Ismod. Actually Ismod only reads and reformats the output of /proc/modules. 


paul@laika:~$ cat /proc/modules | grep vm 
vmnet 36896 13 - Live Oxffffffff88b21000 (P) 
vmmon 194540 0 - Live OxfffffFfF88af0000 (P) 
paul@laika:~$ lsmod | grep vm 

vmnet Bossi. as 

vmmon 194540 0 
paul@laika:~S$ 


28.4.6. module dependencies 


Some modules depend on others. In the following example, you can see that the nfsd module 
is used by exportfs, lockd and sunrpc. 


paul@laika:~$ cat /proc/modules | grep nfsd 

nfsd 267432 17 - Live Oxffffffff88a40000 

exportfs 7808 1 nfsd, Live Oxffffffff88a3d000 

lockd 73520 3 nfs,nfsd, Live Oxffffffff88a2a000 

sunrpe 185032 12 nfs,nfsd,lockd, Live OxfffffffFf889Fb000 
paul@laika:~$ 1lsmod | grep nfsd 


nfsd 267432 17 

exportfs 7808 1 nfsd 

lockd 73520 3 nis, nted 

sunrpc 185032 12 nfs,nfsd,lockd 


paul@laika:~s 
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28.4.7. insmod 


Kernel modules can be manually loaded with the insmod command. This is a very simple 
(and obsolete) way of loading modules. The screenshot shows insmod loading the fat 
module (for fat file system support). 


root@barry:/lib/modules/2.6.17-2-686# lsmod | grep fat 
root@barry:/lib/modules/2.6.17-2-686# insmod kernel/fs/fat/fat.ko 
root@barry:/lib/modules/2.6.17-2-686# lsmod | grep fat 

fat 46588 0 


insmod is not detecting dependencies, so it fails to load the isdn module (because the isdn 
module depends on the slhc module). 


[root@RHEL52 drivers]# pwd 
/lib/modules/2.6.18-92.1.18.e15/kernel/drivers 

[root@RHEL52 kernel]# insmod isdn/i41/isdn.ko 

insmod: error inserting 'isdn/i4l/isdn.ko': -1 Unknown symbol in module 


28.4.8. modinfo 


As you can see in the screenshot of modinfo below, the isdn module depends in the slhc 
module. 


[root@RHEL52 drivers]# modinfo isdn/i4l1/isdn.ko | head -6 


filename: isdn/i4l/isdn.ko 
license: GPL 

author: Fritz Elfert 
description: ISDN4Linux: link layer 
srcversion: 99650346E708173496F6739 
depends: slhc 


28.4.9. modprobe 


The big advantage of modprobe over insmod is that modprobe will load all necessary 
modules, whereas insmod requires manual loading of dependencies. Another advantage is 
that you don't need to point to the filename with full path. 


This screenshot shows how modprobe loads the isdn module, automatically loading slhc in 
background. 


[root@RHEL52 kernel]# lsmod | grep isdn 
[root@RHEL52 kernel]# modprobe isdn 
[root@RHEL52 kernel]# lsmod | grep isdn 
isdn 122433 0 

slhc 10561 1 isdn 
[root@RHEL52 kernel] # 
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28.4.10. /lib/modules/<kernel>/modules.dep 


Module dependencies are stored in modules.dep. 


[root@RHEL52 2.6.18-92.1.18.e15]# pwd 

/lib/modules/2.6.18-92.1.18.e15 

[root@RHEL52 2.6.18-92.1.18.e15]# head -3 modules.dep 
/lib/modules/2.6.18-92.1.18.e15/kernel/drivers/net/tokenring/3c359.ko: 
/lib/modules/2.6.18-92.1.18.e15/kernel/drivers/net/pemcia/3c574_cs.ko: 
/lib/modules/2.6.18-92.1.18.e15/kernel/drivers/net/pcemcia/3c589_cs.ko: 


28.4.11. depmod 


The modules.dep file can be updated (recreated) with the depmod command. In this 
screenshot no modules were added, so depmod generates the same file. 


root@barry:/lib/modules/2.6.17-2-686# ls -1 modules.dep 
-LWw=e-—-r—— | roots Toot S10GV76 2Z00S=03-—0 16332 modullessdep 
root@barry:/lib/modules/2.6.17-2-686# depmod 
root@barry:/lib/modules/2.6.17—2-686# ls -1 modules.dep 
=BW-o-—b—— | moot Boot, sl06 76 2008-12-05 13354) modules dep 


28.4.12. rmmod 


Similar to insmod, the rmmod command is rarely used anymore. 


[root@RHELv4u3 ~]# modprobe isdn 
[root@RHELv4u3 ~]# rmmod slhc 

ERROR: Module slhc is in use by isdn 
[root@RHELv4u3 ~]# rmmod isdn 
[root@RHELv4u3 ~]# rmmod slhc 
[root@RHELv4u3 ~]# lsmod | grep isdn 
[root@RHELv4u3 ~]# 


28.4.13. modprobe -r 


Contrary to rmmod, modprobe will automatically remove unneeded modules. 


root@RHELv4u3 ~]# modprobe isdn 
root@RHELv4u3 ~]# 1lsmod | grep isdn 
isdn isos 10) 

slhc 1233 1 asdn 
root@RHELv4u3 ~]# modprobe -r isdn 
root@RHELv4u3 ~]# 1lsmod grep isdn 
root@RHELv4u3 ~]# 1lsmod grep slhc 
root@RHELv4u3 ~]# 


28.4.14. /etc/modprobe.conf 


The /etc/modprobe.conf file and the /etc/modprobe.d directory can contain aliases (used 
by humans) and options (for dependent modules) for modprobe. 


[root@RHEL52 ~]# cat /etc/modprobe.conf 
alias scsi_hostadapter mptbase 

alias scsi_hostadapterl mptspi 

alias scsi_hostadapter2 ata_piix 

alias ethO pcnet32 

alias eth2 pcnet32 
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alias ethl pcnet32 
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28.5. compiling a kernel 


28.5.1. extraversion 


Enter into /usr/src/redhat/BUILD/kernel-2.6.9/linux-2.6.9/ and change the extraversion 
in the Makefile. 


[root@RHEL52 linux-2.6.18.1686]# pwd 
/usr/src/redhat/BUILD/kernel-2.6.18/linux-2.6.18.i1686 
[root@RHEL52 linux-2.6.18.i686]# vi Makefile 
[root@RHEL52 linux-2.6.18.i686]# head -4 Makefil 
VERSION = 2 

PATCHLEVEL = 6 

SUBLEVEL = 18 

EXTRAVERSION = -paul2008 


28.5.2. make mrproper 
Now clean up the source from any previous installs with make mrproper. If this is your 
first after downloading the source code, then this is not needed. 
[root@RHEL52 linux-2.6.18.i686]# make mrproper 
CLEAN scripts/basic 
CLEAN scripts/kconfig 


CLEAN include/config 
CLEAN JCOntilg Jcontig. old 


28.5.3. .config 


Now copy a working .config from /boot to our kernel directory. This file contains the 
configuration that was used for your current working kernel. It determines whether modules 
are included in compilation or not. 


[ROoE@RHEILS2 Tanux—-2 56. 18u68iolq ep /boot/contag—-26.13—-92), 128 yells) jcontig 
28.5.4. make menuconfig 


Now run make menuconfig (or the graphical make xconfig). This tool allows you to select 
whether to compile stuff as a module (m), as part of the kernel (*), or not at all (smaller 
kernel size). If you remove too much, your kernel will not work. The configuration will be 
stored in the hidden .config file. 


[root@RHEL52 linux-2.6.18.i686]# make menuconfig 
28.5.5. make clean 


Issue a make clean to prepare the kernel for compile. make clean will remove most 
generated files, but keeps your kernel configuration. Running a make mrproper at this point 
would destroy the .config file that you built with make menuconfig. 


[root@RHEL52 linux-2.6.18.i686]# make clean 
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28.5.6. make bzlmage 


And then run make bzImage, sit back and relax while the kernel compiles. You can use 
time make bzImage to know how long it takes to compile, so next time you can go for a 
short walk. 


[root@RHEL52 linux-2.6.18.1686]# time make bzImage 
HOSTCC scripts/basic/fixdep 
HOSTCC scripts/basic/docproc 
HOSE Vceripts, keontag/ cont 40 
HOSTCC scripts/kconfig/kxgettext.o 


This command will end with telling you the location of the bzImage file (and with time info 
if you also specified the time command. 


Kernel: arch/i386/boot/bzImage is ready (#1) 


real 13m59.573s 
user 1m22.631s 
sys 11m51.034s 
[root@RHEL52 linux-2.6.18.i686]# 


You can already copy this image to /boot with ep arch/i386/boot/bzImage /boot/vmlinuz- 
<kernel-version>. 


28.5.7. make modules 


Now run make modules. It can take 20 to 50 minutes to compile all the modules. 


[root@RHEL52 linux-2.6.18.i686]# time make modules 
CHK include/linux/version.h 
CHK include/linux/utsrelease.h 
CC [M] arch/i386/kernel/msr.o 
Ce [M] arch/1386/kernel/cpuiid so 
Cc [M] arch/i386/kernel/microcode.o 


28.5.8. make modules _install 


To copy all the compiled modules to /lib/modules just run make modules_install (takes 
about 20 seconds). Here's a screenshot from before the command. 


[root@RHEL52 linux-2.6.18.i686]# ls -l /lib/modules/ 

total 20 

dmwize=xE— x Oooo GOO 4096 Ock WS ls 09 256.0892 els eS 
drwxr—=xr=x 6 nOot Toot 40916 Now Th 085i 256. 18=92 717 jek 
duwxr—xr—x 16 root rook 4096 Dec. 16) O71 216 18-92 ee 
[root@RHEL52 linux-2.6.18.i686]# make modules_install 


And here is the same directory after. Notice that make modules_install created a new 
directory for the new kernel. 


[root@RHEL52 linux-2.6.18.i686]# ls -l /lib/modules/ 
total 24 

drwxr-xr-x 
drwxr-xr-x 
drwxr—=xr— x 
drwxr-xr-x 


iakeyone sereroye, LO S\G) (Oye ALisy 1b S) 8 10)) 
root root 4096 Nov 11 08:51 
root root 4096 Dec 6 07:11 
root root 4096 Dec 6 08:50 


LS =O2e lL SmeeS 
7U8= 927 Ide 
Oa 2 elec) 
.18-paul2008 


WA A OO 
NNN NY 
Oy) (9) (0) 6) 
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28.5.9. /boot 


We still need to copy the kernel, the System.map and our configuration file to /boot. Strictly 
speaking the .config file is not obligatory, but it might help you in future compilations of 
the kernel. 

[root@RHEL52 ]# pwd 

/usr/src/redhat/BUILD/kernel-2.6.18/linux-2.6.18.i686 


[root@RHEL52 ]# cp System.map /boot/System.map-2.6.18-paul2008 
[root@RHEL52 ]# cp .config /boot/config—2.6.18-paul12008 
[root @RHEL52 


]# cp arch/i386/boot/bzImage /boot/vmlinuz-2.6.18-paul2008 


28.5.10. mkinitrd 


The kernel often uses an initrd file at bootup. We can use mkinitrd to generate this file. 
Make sure you use the correct kernel name! 


[root@RHEL52 ]# pwd 
/usr/src/redhat /BUILD/kernel-2.6.18/linux-2.6.18.i686 
[root@RHEL52 J# mkinitrd /boot/initrd-2.6.18-paul2008 2.6.18-paul2008 


28.5.11. bootloader 


Compilation is now finished, don't forget to create an additional stanza in grub or lilo. 
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28.6. compiling one module 
28.6.1. hello.c 


A little C program that will be our module. 
[root@rhel4a kernel_module]# cat hello.c 
#include <linux/module.h> 

#include <section> 

int init_module (void) 

print k(KERNEENHO. “Start sHellon Worlideu. \ial") 
return 0; 


void cleanup_module (void) 


printk (KERN_INFO "End Hello World... \n"); 


28.6.2. Makefile 


The make file for this module. 


[root@rhel4a kernel_module]# cat Makefile 

obj-m += hello.o 

ald: 

make -C /lib/modules/$(shell uname -r) /build M=$(PWD) modules 
clean: 

make -C /lib/modules/$(shell uname -r) /build M=$(PWD) clean 


These are the only two files needed. 


[root@rhel4a kernel_module]# 11 


total 16 
=Ew— Gwe pawl pawl 250 Heb) Sioa helilocc 
-rw-rw-r-- 1 paul paul 153 Feb 15 19:15 Makefile 
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28.6.3. make 


The running of the make command. 


[root@rhel4a kernel_module]# make 

make -C /lib/modules/2.6.9-paul-2/build M=~/kernel_module modules 
make[1]: Entering dir... ~/usr/src/redhat/BUILD/kernel-2.6.9/linux-2.6.9' 
CC [M] /home/paul/kernel_module/hello.o 

Building modules, stage 2. 


MODPOST 

Ce /home/paul/kernel_module/hello.mod.o 

LD [M] /home/paul/kernel_module/hello.ko 

make[1]: Leaving dir... ~/usr/src/redhat/BUILD/kernel-2.6.9/linux-2.6.9' 


[root@rhel4a kernel_module] # 


Now we have more files. 


[root@rhel4a kernel_module]# 11 


total 72 

Sanaa ih joke nbul joyehbull ZOO shebe ator Oa Shel von 
aie——se—— IL Gietoyoye, saroyone (SZN4I 75) tale) ils) ibs)eiksy Inveibiley i<e) 
aie ——1a—— il ietofoye) salofoue 632 Feb 15 19:15 hello.mod.c 
a\ije——s——  ieojoye iaeyone STS tele: iS) isiguls; Jevsibile;jimeyel © 
=EBW=e=-—-E—=— 1 root root 238396 Bel > 29215 hello zo 
=ew—ew—-e—-— pauls paul 153 Feb 15 19:15 Makefile 


[root@rhel4a kernel_module] # 
28.6.4. hello.ko 


Use modinfo to verify that it is really a module. 


[root@rhel4a kernel_module]# modinfo hello.ko 


filename: hello.ko 
vermagic: 2.6.9-paul-2 SMP 686 REGPARM 4KSTACKS gcc-3.4 
depends: 


[root@rhel4a kernel_module] # 


Good, so now we can load our hello module. 


root@rhel4a kernel_module]# lsmod grep hello 
root@rhel4a kernel_module]# insmod ./hello.ko 
root@rhel4a kernel_module]# lsmod grep hello 

hello 5504 0 

root@rhel4a kernel_module]# tail -1 /var/log/messages 
Feb 15 19:16:07 rhel4a kernel: Start Hello World... 
root@rhel4a kernel_module]# rmmod hello 

root@rhel4a kernel_module] # 


Finally /var/log/messages has a little surprise. 


[root@rhel4a kernel_module]# tail -2 /var/log/messages 
Feb 15 19:16:07 rhel4a kernel: Start Hello World... 
Feb 15 19:16:35 rhel4a kernel: End Hello World... 
[root@rhel4a kernel_module] # 
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29.1. introduction 


With libraries we are talking about dynamically linked libraries (aka shared objects). These 
are binaries that contain functions and are not started themselves as programs, but are called 
by other binaries. 


Several programs can use the same library. The name of the library file usually starts with 
lib, followed by the actual name of the library, then the chracters .so and finally a version 
number. 


29.2. /lib and /usr/lib 


When you look at the /lib or the /usr/lib directory, you will see a lot of symbolic links. Most 
libraries have a detailed version number in their name, but receive a symbolic link from a 
filename which only contains the major version number. 


root@rhel53 ~# 1s -1 /lib/libext* 
lrwxrwxrwx 1 root root 16 Feb 18 16:36 /lib/libext2fs.so.2 -> libext2fs.so.2.4 
-rwxr-xr-x 1 root root 113K Jun 30 2009 /lib/libext2fs.so.2.4 


29.3. Idd 


Many programs have dependencies on the installation of certain libraries. You can display 
these dependencies with Idd. 


This example shows the dependencies of the su command. 


paul@RHELS ~$ ldd /bin/su 
linux-gate.so.1 => (0x003£7000) 
libpam.so.0 => /lib/libpam.so.0 (0x00d5c000) 
libpam_misc.so.0 => /lib/libpam_misc.so.0 (0x0073c000) 
libcrypt.so.1 => /lib/libcrypt.so.1 (0x00aa4000) 
libdl.so.2 => /lib/libdl.so.2 (0x00800000) 
libc.so.6 => /lib/libc.so.6 (0x00ec1000) 
libaudit.so.0 => /lib/libaudit.so.0 (0x0049f000) 
/lib/1d-linux.so.2 (0x4769c000) 
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29.4. ltrace 


The Itrace program allows to see all the calls made to library functions by a program. The 
example below uses the -c option to get only a summary count (there can be many calls), 
and the -l option to only show calls in one library file. All this to see what calls are made 
when executing su - serena as root. 


root@deb503:~# ltrace -c -1 /lib/libpam.so.0 su - serena 
serena@deb503:~$ exit 


logout 
% time seconds usecs/call calls function 
WO Sak O20 Lai] DAA) 1 pam_start 
WA 5 SHS 0.002482 2482 1 pam_open_session 
Del O20 01039 1110) S32) 1 pam_acct_mgmt 
4.36 0.000876 876 1 pam_end 
3536 0.000675 675 1 pam_close_session 
S22 0.000646 646 1 pam_authenticate 
0.48 0.000096 48 2 pam_set_item 
One: 0.000054 54 1 pam_setcred 
0225 0.000050 50 1 pam_getenvlist 
Os 24 0.000044 44 1 pam_get_item 
100.00 O. 020079 11 total 


29.5. dpkg -S and debsums 


Find out on Debian/Ubuntu to which package a library belongs. 


paul@deb503:/1libS$ dpkg -S libext2fs.so.2.4 
e2fslibs: /lib/libext2fs.so.2.4 


You can then verify the integrity of all files in this package using debsums. 


paul@deb503:~S$ debsums e2fslibs 


/usr/share/doc/e2fslibs/changelog.Debian.gz OK 
/usr/share/doc/e2fslibs/copyright OK 
/lib/libe2p.so.2.3 OK 
/lib/libext2fs.so.2.4 OK 


Should a library be broken, then reinstall it with aptitude reinstall $package. 


root@deb503:~# aptitude reinstall e2fslibs 


Reading package lists... Done 

Building dependency tree 

Reading state information... Done 

Reading extended state information 

Initializing package states... Done 

Reading task descriptions... Done 

The following packages will be REINSTALLED: 
e2fslibs 
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29.6. rpm -qf and rpm -V 


Find out on Red Hat/Fedora to which package a library belongs. 


paul@RHEL5 ~$ rpm -qf /lib/libext2fs.so.2.4 
evrsprogs—itbsal {39-8 .el5 


You can then use rpm -V to verify all files in this package. In the example below the output 
shows that the Size and the Time stamp of the file have changed since installation. 


root@rhel53 ~# rpm -V e2fsprogs-libs 
prelink: /lib/libext2fs.so.2.4: prelinked file size differs 
Sie2ecusn8 /lib/libext2fs.so.2.4 


You can then use yum reinstall $package to overwrite the existing library with an original 
version. 


root@rhel53 lib# yum reinstall e2fsprogs-libs 

Loaded plugins: rhnplugin, security 

Setting up Reinstall Process 

Resolving Dependencies 

--> Running transaction check 

---> Package e2fsprogs-libs.i386 0:1.39-23.e15 set to be erased 
---> Package e2fsprogs-—libs.i386 0:1.39-23.e15 set to be updated 
-—-> Finished Dependency Resolution 


The package verification now reports no problems with the library. 


root@rhel53 lib# rpm -V e2fsprogs-libs 
root@rhel53 lib# 
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29.7. tracing with strace 


More detailed tracing of all function calls can be done with strace. We start by creating a 
read only file. 


root@deb503:~# echo hello > 42.txt 
root@deb503:~# chmod 400 42.txt 

root@deb503:~# 1s -1l 42.txt 

Hig SSS it ieee Tatojons, AOI OGG AG Aas) “le eae 


We open the file with vi, but include the strace command with an output file for the trace 
before vi. This will create a file with all the function calls done by vi. 


root@deb503:~# strace -o strace.txt vi 42.txt 


The file is read only, but we still change the contents, and use the :w! directive to write to 
this file. Then we close vi and take a look at the trace log. 


root@deb503:~# grep chmod strace.txt 
chmod ("42.txt", 0100600) 


-1 ENOENT (No such file or directory) 


chmod ("42.txt", 0100400) = 0 
root@deb503:~# ls -1l 42.txt 
HPSS SSS SS = i root Looe 12200 —09-—26 12304 425 tact 


Notice that vi changed the permissions on the file twice. The trace log is too long to show 
a complete screenshot in this book. 


root@deb503:~# we -l strace.txt 
941 strace txt 
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Chapter 30. backup 
30.1. About tape devices 


Don't forget that the name of a device strictly speaking has no meaning since the kernel will 
use the major and minor number to find the hardware! See the man page of mknod and the 
devices.txt file in the Linux kernel source for more info. 


30.1.1. SCSI tapes 


On the official Linux device list (http://www.lanana.org/docs/device-list/) we find the names 
for SCSI tapes (major 9 char). SCSI tape devices are located underneath /dev/st and are 
numbered starting with O for the first tape device. 


/dev/st0 First tape device 
/dev/stl1 Second tape device 
/dev/st2 Third tape device 


To prevent automatic rewinding of tapes, prefix them with the letter n. 


/dev/nst0 First no rewind tape device 
/dev/nst1l Second no rewind tape device 
/dev/nst2 Third no rewind tape device 


By default, SCSI tapes on Linux will use the highest hardware compression that is supported 
by the tape device. To lower the compression level, append one of the letters 1 (low), m 
(medium) or a (auto) to the tape name. 


/dev/st0l First low compression tape device 
/dev/st0m First medium compression tape device 
/dev/nst2m Third no rewind medium compression tape device 


30.1.2. IDE tapes 


On the official Linux device list (http://www.lanana.org/docs/device-list/) we find the names 
for IDE tapes (major 37 char). IDE tape devices are located underneath /dev/ht and are 
numbered starting with O for the first tape device. No rewind and compression is similar 
to SCSI tapes. 


/dev/ht0 First IDE tape device 
/dev/nht0O Second no rewind IDE tape device 
/dev/htOm First medium compression IDE tape device 


30.1.3. mt 


To manage your tapes, use mt (Magnetic Tape). Some examples. 
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To receive information about the status of the tape. 


mt -f£ /dev/st0O status 


To rewind a tape... 


mt -f£ /dev/st0O rewind 


To rewind and eject a tape... 


mt -f /dev/st0O eject 


To erase 


a tape... 


mt -f£ /dev/st0O erase 


30.2. Compression 


It can be beneficial to compress files before backup. The two most popular tools for 
compression of regular files on Linux are gzip/gunzip and bzip2/bunzip2. Below you can 
see gzip in action, notice that it adds the .gz extension to the file. 


paul@RHELv4u4:~/test$ 
=rEw-rw-r—— 1 paul paul 
paul@RHE 
paul@RHELv4u4:~/test$ 
=—Ew-ow—-r—— 4 pawl paul 
paul@RHE 
paul@RHELv4u4:~/test$ 
-rw-rw-r-- 1 paul paul 
paul@RHELv4u4:~/test$ 


is =i Jal ifailes bx* 


Ts =) analsrake sits 


SLO Sas) Wels) 2Y WSg.sie) eulisellSs 5iesae 


Lv4u4:~/test$ gzip allfiles.txt 


Qsdis6s) Mebe27 VOSScmalirles exe ic 


Lv4u4:~/test$ gunzip allfiles.txt.gz 


is) =i) Varies). x 


SLs S) ISlen Ai (sys Sie euLilse wil; 5 ieee 


In general, gzip is much faster than bzip2, but the latter one compresses a lot better. Let us 


compare 


paul @RHEI 
paul @RHE!I 


real 
user 
sys 


the two. 


Om0.050s 
Om0.041s 
Om0.009s 


Lv4u4:~/test$ cp allfiles.txt bllfiles.txt 
Lv4u4:~/test$ time gzip allfiles.txt 


paul@RHELv4u4:~/test$ time bzip2 bllfiles.txt 


real 
user 
sys 


paul @RHEI 
VeVi le 
—Ae\ sf He Vie 


Om5.968s 
0m5.794s 
Om0.076s 


paul@RHELv4u4:~/test$ 


30.3. tar 


The tar utility gets its name from Tape ARchive. This tool will receive and send files to 
a destination (typically a tape or a regular file). The c option is used to create a tar archive 


Lv4u4:~/test$ ls -1 ?llfiles.tx* 
1 paul paul 931863 Feb 27 05:38 allfiles.txt.gz 
i paul paul 70S8Ii May 12 VOrS2) bites ext. bz2, 
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(or tarfile), the f option to name/create the tarfile. The example below takes a backup of / 
etc into the file /backup/etc.tar . 


root@RHELv4u4:~# tar cf /backup/etc.tar /etc 

root@RHELv4u4:~# ls -1 /backup/etc.tar 

~hw-t—-—r—-— i moot root A7s00320) May 12511247 (/backup/ete.tar 
root @RHELV4u4: ~# 


Compression can be achieved without pipes since tar uses the z flag to compress with gzip, 
and the j flag to compress with bzip2. 


root @RHELv4u4:~# tar czf /backup/etc.tar.gz /etc 
root@RHELv4u4:~# tar cjf /backup/etc.tar.bz2 /etc 
root@RHELv4u4:~# ls -1 /backup/etc.ta* 


=BWwor—-— ie — root root 47800320) May 12) 1147 /backupe/ete. tar 
hw ri root soot OO S40" May 2 aise /fbackup/etemtarebz2 
—hWwor root root  S4 96607" May. 12 M47 S/backupy etemtaracz 


root @RHELv4u4: ~# 


The t option is used to list the contents of a tar file. Verbose mode is enabled with v (also 
useful when you want to see the files being archived during archiving). 


root @RHELv4u4:~# tar tvf /backup/etc.tar 


drwxr-xr-x root/root 0) AQNV/—O5—12 Wc csv3yaznl eieey/ 

-rw-r--r-- root/root 2657 2004-09-27 10:15:03 etc/warnquota.conf 
—-rw-r--r-- root/root 13136 2006-11-03 17:34:50 etc/mime.types 
drwxr-xr-x root/root O- 2004-11-03 133550 vetcAsound/ 


To list a specific file in a tar archive, use the t option, added with the filename (without 
leading /). 


root @RHELv4u4:~# tar tvf /backup/etc.tar etc/resolv.conf 
ile eloxoliuy/secoloie 71 2007-05-12 083: 32 etc/resoly. cont 
root @RHELv4u4: ~# 


Use the x flag to restore a tar archive, or a single file from the archive. Remember that by 
default tar will restore the file in the current directory. 


root @RHELv4u4:~# tar xvf /backup/etc.tar etc/resolv.conf 
erc/mesolv com 
root @RHELv4u4:~# ls -1 /etc/resolv.conf 


Sie — 2) feloyoe ieeyoe 410) Wey Ike Pe OS ice ieaciollyy, clonic 
root @RHELv4u4:~# ls -1l etc/resolv.conf 
hws hi hOote root 7 Mayall Ossie o/resolvacomnt 


root @RHELv4u4: ~# 


You can preserve file permissions with the p flag. And you can exclude directories or file 
with --exclude. 


root ~# tar cpzf /backup/etc_with_perms.tgz /etc 
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root ~# tar cpzf /backup/etc_no_sysconf.tgz /etc --exclude /etc/sysconfig 
root ~# 1s -l1 /backup/etc_* 


=oWwo-r—-—-r—— ll Toot root 8434293 May 12 12':43\/backup/ etcunousysicon®.tgqz 
=rw-r--r—-— 1 root root 8496591 May 12 12:48 /backup/etc_with_perms.tgz 
root ~# 


You can also create a text file with names of files and directories to archive, and then supply 
this file to tar with the -T flag. 


root @RHELv4u4:~# find /etc -name *.conf > files_to_archive.txt 
root @RHELv4u4:~# find /home -name *.pdf >> files_to_archive.txt 
root @RHELv4u4:~# tar cpzf /backup/backup.tgz -T files_to_archive.txt 


The tar utility can receive filenames from the find command, with the help of xargs. 


neshioel Pie! Sys ae ives Ws (close | xargs tar czf /backup/confs.tar.gz 


You can also use tar to copy a directory, this is more efficient than using cp -r. 


(cd /etc; tar -cf - . ) | (cd /backup/copy_of_etc/; tar -xpf - ) 


Another example of tar, this copies a directory securely over the network. 
(cd /etc;tar -cf - . )|(ssh user@srv 'cd /backup/cp_of_etc/; tar -xf - ') 


tar can be used together with gzip and copy a file to a remote server through ssh 


cat backup.tar | (opr alje) | ssh bashuser@192.168.1.105 "cat - > backup.tgz" 


Compress the tar backup when it is on the network, but leave it uncompressed at the 
destination. 


cat backup.tar | Gzip | ssh user@192.168.1.105 "gunzip|cat — > backupecan”! 


Same as the previous, but let ssh handle the compression 


cat backup.tar | ssh -C bashuser@192.168.1.105 "cat - > backup.tar" 


30.4. Backup Types 


Linux uses multilevel incremental backups using distinct levels. A full backup is a backup 
at level 0. A higher level x backup will include all changes since the last level x-1 backup. 


Suppose you take a full backup on Monday (level 0) and a level 1 backup on Tuesday, then 
the Tuesday backup will contain all changes since Monday. Taking a level 2 on Wednesday 
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will contain all changes since Tuesday (the last level 2-1). A level 3 backup on Thursday 
will contain all changes since Wednesday (the last level 3-1). Another level 3 on Friday 
will also contain all changes since Wednesday. A level 2 backup on Saturday would take 
all changes since the last level 1 from Tuesday. 


30.5. dump and restore 


While dump is similar to tar, it is also very different because it looks at the file system. 
Where tar receives a lists of files to backup, dump will find files to backup by itself by 
examining ext2. Files found by dump will be copied to a tape or regular file. In case the 
target is not big enough to hold the dump (end-of-media), it is broken into multiple volumes. 


Restoring files that were backed up with dump is done with the restore command. In the 
example below we take a full level 0 backup of two partitions to a SCSI tape. The no rewind 
is mandatory to put the volumes behind each other on the tape. 


dump Of /dev/nst0 /boot 
dump Of /dev/nst0O / 


Listing files in a dump archive is done with dump -t, and you can compare files with dump 
-C. 


You can omit files from a dump by changing the dump attribute with the chattr command. 


The d attribute on ext will tell dump to skip the file, even during a full backup. In the 
following example, /etc/hosts is excluded from dump archives. 


chattr +d /etc/hosts 


To restore the complete file system with restore, use the -r option. This can be useful to 
change the size or block size of a file system. You should have a clean file system mounted 
and cd'd into it. Like this example shows. 


mke2fs /dev/hda3 

mount /dev/hda3 /mnt/data 
cd /mnt/data 

restore rf /dev/nst0 


To extract only one file or directory from a dump, use the -x option. 


restore -xf /dev/st0 /etc 


30.6. cpio 


Different from tar and dump is cpio (Copy Input and Output). It can be used to receive 
filenames, but copies the actual files. This makes it an easy companion with find! Some 
examples below. 
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find sends filenames to cpio, which puts the files in an archive. 

find /etc -depth -print | cpio -oaV -O archive.cpio 

The same, but compressed with gzip 

find /etc -depth -print | Cpilo =oaV | qdzip =¢) > archive. cplo.gz 


Now pipe it through ssh (backup files to a compressed file on another machine) 


find /etc -depth -print|cpio -oav|gzip -c|ssh server "cat - > etc.cpio.gz" 


find sends filenames to cpio | cpio sends files to ssh | ssh sends files to cpio 'cpio extracts files’ 


find /etc -depth -print | cpio -oavV | ssh user@host ‘cpio -imvVd' 


the same but reversed: copy a dir from the remote host to the local machine 


ssh user@host "find path -depth -print Chilo Oa | cpio -imVd 


30.7. dd 
30.7.1. About dd 


Some people use dd to create backups. This can be very powerful, but dd backups can only 
be restored to very similar partitions or devices. There are however a lot of useful things 
possible with dd. Some examples. 


30.7.2. Create a CDROM image 


The easiest way to create a .ISO file from any CD. The if switch means Input File, of is the 
Output File. Any good tool can burn a copy of the CD with this ISO file. 


dd if=/dev/cdrom of=/path/to/cdrom.ISO 
30.7.3. Create a floppy image 


A little outdated maybe, but just in case : make an image file from a 1.44MB floppy. 
Blocksize is defined by bs, and count contains the number of blocks to copy. 


dd if=/dev/floppy of=/path/to/floppy.img bs=1024 count=1440 


30.7.4. Copy the master boot record 


Use dd to copy the MBR (Master Boot Record) of hard disk /dev/hda to a file. 


dd if=/dev/hda of=/MBR.img bs=512 count=1 
30.7.5. Copy files 


This example shows how dd can copy files. Copy the file summer.txt to 
copy_of_summer.txt . 


dd if=~/summer.txt of=~/copy_of_summer.txt 
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30.7.6. Image disks or partitions 


And who needs ghost when dd can create a (compressed) image of a partition. 


dd if=/dev/hdb2 of=/image_of_hdb2.IMG 
dd if=/dev/hdb2 | gzip > /image_of_hdb2.IMG.gz 


30.7.7. Create files of a certain size 


dd can be used to create a file of any size. The first example creates a one MEBIbyte file, 
the second a one MEGAbyfte file. 


dd if=/dev/zero of=file1MB count=1024 bs=1024 
dd if=/dev/zero of=file1MB count=1000 bs=1024 


30.7.8. CDROM server example 


And there are of course endless combinations with ssh and bzip2. This example puts a bzip2 
backup of a cdrom on a remote server. 


dd if=/dev/cdrom |bzip2|ssh user@host "cat - > /backups/cd/cdrom.iso.bz2" 


30.8. split 


The split command is useful to split files into smaller files. This can be useful to fit the file 
onto multiple instances of a medium too small to contain the complete file. In the example 
below, a file of size 5000 bytes is split into three smaller files, with maximum 2000 bytes 
each. 


paul@laika:~/test$ ls -l 

total 8 

=“w-r—=-r—— 1 paul paul 5000 2007-09-09 20:46 bigtilel 
paul@laika:~/test$ split -b 2000 bigfilel splitfile. 
paul@laika:~/test$ ls -l 

total 20 

-rw-r--r-- 1 paul paul 5000 2007-09-09 20:46 bigfilel 
Ewe oe pau pau A000 Z 007-095-095 ZORA Te spine rales ac 
ewe le a paul 20008 2007-09-09) 20/47 spl ate fakes 
=ew—=r—-—e—— | pawl paul 1000) 2007-09-09: 2047 splat iailke sac 


30.9. practice: backup 


!! Careful with tar options and the position of the backup file, mistakes can destroy your 
system!! 


1. Create a directory (or partition if you like) for backups. Link (or mount) it under /mnt/ 
backup. 
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2a. Use tar to backup /etc in /mnt/backup/etc_date.tgz, the backup must be gzipped. (Replace 
date with the current date) 


2b. Use tar to backup /bin to /mnt/backup/bin_date.tar.bz2, the backup must be bzip2'd. 
2c. Choose a file in /etc and /bin and verify with tar that the file is indeed backed up. 
2d. Extract those two files to your home directory. 


3a. Create a backup directory for your neighbour, make it accessible under /mnt/ 
neighbourName 


3b. Combine ssh and tar to put a backup of your /boot on your neighbours computer in / 
mnt/YourName 


4a. Combine find and cpio to create a cpio archive of /etc. 

4b. Choose a file in /etc and restore it from the cpio archive into your home directory. 

5. Use dd and ssh to put a backup of the master boot record on your neighbours computer. 
6. (On the real computer) Create and mount an ISO image of the ubuntu cdrom. 

7. Combine dd and gzip to create a 'ghost' image of one of your partitions on another partition. 


8. Use dd to create a five megabyte file in ~/testsplit and name it biggest. Then split this file 
in smaller two megabyte parts. 


mkdir testsplit 


dd if=/dev/zero of=~/testsplit/biggest count=5000 bs=1024 


split -b 2000000 biggest parts 
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Appendix A. disk quotas 
A.1. About Disk Quotas 


To limit the disk space used by user, you can set up disk quotas. This requires adding 
usrquota and/or grpquota to one or more of the file systems in /etc/fstab. 


root@RHELv4u4:~# cat /etc/fstab | grep usrquota 
/dev/VolGroup00/LogVol02 /home ext3 usrquota, grpquota 0 0 


Next you need to remount the file system. 


root@RHELv4u4:~# mount -o remount /home 


The next step is to build the quota.user and/or quota.group files. These files (called the 
quota files) contain the table of the disk usage on that file system. Use the quotacheck 
command to accomplish this. 


root@RHELv4u4:~# quotacheck -cug /home 
root @RHELv4u4:~# quotacheck -avug 


The -c is for create, u for user quota, g for group, a for checking all quota enabled file systems 
in /etc/fstab and v for verbose information. The next step is to edit individual user quotas 
with edquota or set a general quota on the file system with edquota -t. The tool will enable 
you to put hard (this is the real limit) and soft (allows a grace period) limits on blocks and 
inodes. The quota command will verify that quota for a user is set. You can have a nice 
overview with repquota. 


The final step (before your users start complaining about lack of disk space) is to enable 
quotas with quotaon(1). 


root @RHELv4u4:~# quotaon -vaug 


Issue the quotaoff command to stop all complaints. 


root @RHELv4u4:~# quotaoff —-vaug 


A.2. Practice Disk quotas 


1. Implement disk quotas on one of your new partitions. Limit one of your users to 10 
megabyte. 


2. Test that they work by copying many files to the quota'd partition. 
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Appendix B. introduction to vnc 
B.1. About VNC 


VNC can be configured in gnome or KDE using the Remote Desktop Preferences. VNC 
can be used to run your desktop on another computer, and you can also use it to see and take 
over the Desktop of another user. The last part can be useful for help desks to show users 
how to do things. VNC has the added advantage of being operating system independent, a 
lot of products (realvnc, tightvnc, xvne, ...) use the same protocol on Solaris, Linux, BSD 
and more. 


B.2. VNC Server 


Starting the vnc server for the first time. 


[root@RHELv4u3 conf]# rpm -qa | grep -i vne 
vnc-server-4.0-8.1 

vne=—4..0=6n 1 

[root@RHELv4u3 conf]# vncserver :2 


You will require a password to access your desktops. 


Password: 
Verify: 
xauth: creating new authority file /root/.Xauthority 


New 'RHELV4u3.localdomain:2 (root)' desktop is RHELvV4u3.localdomain:2 


Creating default startup script /root/.vnc/xstartup 
Starting applications specified in /root/.vnc/xstartup 
Log file is /root/.vnc/RHELv4u3.localdomain:2.log 


[root@RHELv4u3 conf] # 


B.3. VNC Client 


You can now use the vneviewer from another machine to connect to your vnc server. It will 
default to a very simple graphical interface... 


paul@laika:~$ vneviewer 192.168.1.49:2 

VNC viewer version 3.3.7 -— built Nov 20 2006 13:05:04 
Copyright (C) 2002-2003 RealVNC Ltd. 

Copyright (C) 1994-2000 AT&T Laboratories Cambridge. 
See http://www.realvne.com for information on VNC. 
VNC server supports protocol version 3.8 (viewer 3.3) 
Password: 

VNC authentication succeeded 

Desktop name "RHELv4u3.localdomain:2 (root)" 
Connected to VNC server, using protocol version 3.3 


If you don't like the simple twm window manager, you can comment out the last two lines 
of ~/.vne/xstartup and add a gnome-session & line to have vnc default to gnome instead. 
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[root@RHELv4u3 ~]# cat .vnc/xstartup 
#!/bin/sh 


# Uncomment the following two lines for normal desktop: 
# unset SESSION_MANAGER 
# exec /etc/X11/xinit/xinitre 


[ -x /etc/vnc/xstartup ] && exec /etc/vnc/xstartup 

[ -r S$HOME/.Xresources ] && xrdb SHOME/.Xresources 

xsetroot -solid grey 

VNeconfig —Leonie & 

# xterm -geometry 80x24+10+10 -ls -title "SVNCDESKTOP Desktop" & 


# twm & 
gnome-session & 
[root@RHELv4u3 ~]# 


Don't forget to restart your vnc server after changing this file. 


[root@RHELv4u3 ~]# vncserver -kill :2 
Killing Xvnc process ID 5785 
[root@RHELv4u3 ~]# vncserver :2 


New 'RHELV4u3.localdomain:2 (root)' desktop is RHELv4u3.localdomain:2 


Starting applications specified in /root/.vnc/xstartup 
Log file is /root/.vnc/RHELv4u3.localdomain:2.log 


B.4. Practice VNC 


1. Use VNC to connect from one machine to another. 
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Appendix C. License 


GNU Free Documentation License 
Version 1.3, 3 November 2008 
Copyright © 2000, 2001, 2002, 2007, 2008 Free Software Foundation, Inc. 


Everyone is permitted to copy and distribute verbatim copies of this 
license document, but changing it is not allowed. 


0. PREAMBLE 


The purpose of this License is to make a manual, textbook, or other 
functional and useful document "free" in the sense of freedom: to 
assure everyone the effective freedom to copy and redistribute it, 
with or without modifying it, either commercially or noncommercially. 
Secondarily, this License preserves for the author and publisher a way 
to get credit for their work, while not being considered responsible 
for modifications made by others. 


This License is a kind of "copyleft", which means that derivative 
works of the document must themselves be free in the same sense. It 
complements the GNU General Public License, which is a copyleft 
license designed for free software. 


We have designed this License in order to use it for manuals for free 
software, because free software needs free documentation: a free 
program should come with manuals providing the same freedoms that the 
software does. But this License is not limited to software manuals; it 
can be used for any textual work, regardless of subject matter or 
whether it is published as a printed book. We recommend this License 
principally for works whose purpose is instruction or reference. 


1. APPLICABILITY AND DEFINITIONS 


This License applies to any manual or other work, in any medium, that 
contains a notice placed by the copyright holder saying it can be 
distributed under the terms of this License. Such a notice grants a 
world-wide, royalty-free license, unlimited in duration, to use that 
work under the conditions stated herein. The "Document", below, refers 
to any such manual or work. Any member of the public is a licensee, 
and is addressed as "you". You accept the license if you copy, modify 
or distribute the work in a way requiring permission under copyright 
law. 


A "Modified Version" of the Document means any work containing the 
Document or a portion of it, either copied verbatim, or with 
modifications and/or translated into another language. 


A "Secondary Section" is a named appendix or a front-matter section of 
the Document that deals exclusively with the relationship of the 
publishers or authors of the Document to the Document's overall 
subject (or to related matters) and contains nothing that could fall 
directly within that overall subject. (Thus, if the Document is in 
part a textbook of mathematics, a Secondary Section may not explain 
any mathematics.) The relationship could be a matter of historical 
connection with the subject or with related matters, or of legal, 
commercial, philosophical, ethical or political position regarding 
them. 


The "Invariant Sections" are certain Secondary Sections whose titles 
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are designated, as being those of Invariant Sections, in the notice 
that says that the Document is released under this License. If a 
section does not fit the above definition of Secondary then it is not 
allowed to be designated as Invariant. The Document may contain zero 
Invariant Sections. If the Document does not identify any Invariant 
Sections then there are none. 


The "Cover Texts" are certain short passages of text that are listed, 
as Front-Cover Texts or Back-Cover Texts, in the notice that says that 
the Document is released under this License. A Front-Cover Text may be 
at most 5 words, and a Back-Cover Text may be at most 25 words. 


A "Transparent" copy of the Document means a machine-readable copy, 
represented in a format whose specification is available to the 
general public, that is suitable for revising the document 
straightforwardly with generic text editors or (for images composed of 
pixels) generic paint programs or (for drawings) some widely available 
drawing editor, and that is suitable for input to text formatters or 
for automatic translation to a variety of formats suitable for input 
to text formatters. A copy made in an otherwise Transparent file 
format whose markup, or absence of markup, has been arranged to thwart 
or discourage subsequent modification by readers is not Transparent. 
An image format is not Transparent if used for any substantial amount 
of text. A copy that is not "Transparent" is called "Opaque". 


Examples of suitable formats for Transparent copies include plain 
ASCII without markup, Texinfo input format, LaTeX input format, SGML 
or XML using a publicly available DTD, and standard-conforming simple 
HTML, PostScript or PDF designed for human modification. Examples of 
transparent image formats include PNG, XCF and JPG. Opaque formats 
include proprietary formats that can be read and edited only by 
proprietary word processors, SGML or XML for which the DTD and/or 
processing tools are not generally available, and the 
machine-generated HIML, PostScript or PDF produced by some word 
processors for output purposes only. 


The "Title Page" means, for a printed book, the title page itself, 
plus such following pages as are needed to hold, legibly, the material 
this License requires to appear in the title page. For works in 
formats which do not have any title page as such, "Title Page" means 
the text near the most prominent appearance of the work's title, 
preceding the beginning of the body of the text. 


The "publisher" means any person or entity that distributes copies of 
the Document to the public. 


A section "Entitled XYZ" means a named subunit of the Document whose 
title either is precisely XYZ or contains XYZ in parentheses following 
text that translates XYZ in another language. (Here XYZ stands for a 
specific section name mentioned below, such as "Acknowledgements", 
"Dedications", "Endorsements", or "History".) To "Preserve the Title" 
of such a section when you modify the Document means that it remains a 
section "Entitled XYZ" according to this definition. 


The Document may include Warranty Disclaimers next to the notice which 
states that this License applies to the Document. These Warranty 
Disclaimers are considered to be included by reference in this 
License, but only as regards disclaiming warranties: any other 
implication that these Warranty Disclaimers may have is void and has 
no effect on the meaning of this License. 


2. VERBATIM COPYING 


You may copy and distribute the Document in any medium, either 
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commercially or noncommercially, provided that this License, the 
copyright notices, and the license notice saying this License applies 
to the Document are reproduced in all copies, and that you add no 
other conditions whatsoever to those of this License. You may not use 
technical measures to obstruct or control the reading or further 
copying of the copies you make or distribute. However, you may accept 
compensation in exchange for copies. If you distribute a large enough 
number of copies you must also follow the conditions in section 3. 


You may also lend copies, under the same conditions stated above, and 
you may publicly display copies. 


3. COPYING IN QUANTETY 


If you publish printed copies (or copies in media that commonly have 
printed covers) of the Document, numbering more than 100, and the 
Document's license notice requires Cover Texts, you must enclose the 
copies in covers that carry, clearly and legibly, all these Cover 
Texts: Front-Cover Texts on the front cover, and Back-Cover Texts on 
the back cover. Both covers must also clearly and legibly identify you 
as the publisher of these copies. The front cover must present the 
full title with all words of the title equally prominent and visible. 
You may add other material on the covers in addition. Copying with 
changes limited to the covers, as long as they preserve the title of 
the Document and satisfy these conditions, can be treated as verbatim 
copying in other respects. 


If the required texts for either cover are too voluminous to fit 
legibly, you should put the first ones listed (as many as fit 
reasonably) on the actual cover, and continue the rest onto adjacent 
pages. 


If you publish or distribute Opaque copies of the Document numbering 
more than 100, you must either include a machine-readable Transparent 
copy along with each Opaque copy, or state in or with each Opaque copy 
a computer-network location from which the general network-using 
public has access to download using public-standard network protocols 
a complete Transparent copy of the Document, free of added material. 
If you use the latter option, you must take reasonably prudent steps, 
when you begin distribution of Opaque copies in quantity, to ensure 
that this Transparent copy will remain thus accessible at the stated 
location until at least one year after the last time you distribute an 
Opaque copy (directly or through your agents or retailers) of that 
edition to the public. 


It is requested, but not required, that you contact the authors of the 
Document well before redistributing any large number of copies, to 
give them a chance to provide you with an updated version of the 
Document. 


4. MODIFICATIONS 


You may copy and distribute a Modified Version of the Document under 
the conditions of sections 2 and 3 above, provided that you release 
the Modified Version under precisely this License, with the Modified 
Version filling the role of the Document, thus licensing distribution 
and modification of the Modified Version to whoever possesses a copy 
of it. In addition, you must do these things in the Modified Version: 


* A. Use in the Title Page (and on the covers, if any) a title 
distinct from that of the Document, and from those of previous 
versions (which should, if there were any, be listed in the History 
section of the Document). You may use the same title as a previous 
version if the original publisher of that version gives permission. 
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* B. List on the Title Page, as authors, one or more persons or 
entities responsible for authorship of the modifications in the 
Modified Version, together with at least five of the principal authors 
of the Document (all of its principal authors, if it has fewer than 
five), unless they release you from this requirement. 

* C. State on the Title page the name of the publisher of the 
Modified Version, as the publisher. 

* D. Preserve all the copyright notices of the Document. 

* E. Add an appropriate copyright notice for your modifications 
adjacent to the other copyright notices. 

* F. Include, immediately after the copyright notices, a license 
notice giving the public permission to use the Modified Version under 
the terms of this License, in the form shown in the Addendum below. 

* G. Preserve in that license notice the full lists of Invariant 
Sections and required Cover Texts given in the Document's license 
notice. 

* H. Include an unaltered copy of this License. 

* I. Preserve the section Entitled "History", Preserve its Title, 
and add to it an item stating at least the title, year, new authors, 
and publisher of the Modified Version as given on the Title Page. If 
there is no section Entitled "History" in the Document, create one 
stating the title, year, authors, and publisher of the Document as 
given on its Title Page, then add an item describing the Modified 
Version as stated in the previous sentence. 

* J. Preserve the network location, if any, given in the Document 
for public access to a Transparent copy of the Document, and likewise 
the network locations given in the Document for previous versions it 
was based on. These may be placed in the "History" section. You may 
omit a network location for a work that was published at least four 
years before the Document itself, or if the original publisher of the 
version it refers to gives permission. 

* K. For any section Entitled "Acknowledgements" or "Dedications", 
Preserve the Title of the section, and preserve in the section all the 
substance and tone of each of the contributor acknowledgements and/or 
dedications given therein. 

* L. Preserve all the Invariant Sections of the Document, 
unaltered in their text and in their titles. Section numbers or the 
equivalent are not considered part of the section titles. 

* M. Delete any section Entitled "Endorsements". Such a section 
may not be included in the Modified Version. 

* N. Do not retitle any existing section to be Entitled 
"Endorsements" or to conflict in title with any Invariant Section. 

* O. Preserve any Warranty Disclaimers. 


If the Modified Version includes new front-matter sections or 
appendices that qualify as Secondary Sections and contain no material 
copied from the Document, you may at your option designate some or all 
of these sections as invariant. To do this, add their titles to the 
list of Invariant Sections in the Modified Version's license notice. 
These titles must be distinct from any other section titles. 


You may add a section Entitled "Endorsements", provided it contains 
nothing but endorsements of your Modified Version by various 
parties—for example, statements of peer review or that the text has 
been approved by an organization as the authoritative definition of a 
standard. 


You may add a passage of up to five words as a Front-Cover Text, anda 
passage of up to 25 words as a Back-Cover Text, to the end of the list 
of Cover Texts in the Modified Version. Only one passage of 
Front-Cover Text and one of Back-Cover Text may be added by (or 
through arrangements made by) any one entity. If the Document already 
includes a cover text for the same cover, previously added by you or 
by arrangement made by the same entity you are acting on behalf of, 
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you may not add another; but you may replace the old one, on explicit 
permission from the previous publisher that added the old one. 


The author(s) and publisher(s) of the Document do not by this License 
give permission to use their names for publicity for or to assert or 
imply endorsement of any Modified Version. 


5. COMBINING DOCUMENTS 


You may combine the Document with other documents released under this 
License, under the terms defined in section 4 above for modified 
versions, provided that you include in the combination all of the 
Invariant Sections of all of the original documents, unmodified, and 
list them all as Invariant Sections of your combined work in its 
license notice, and that you preserve all their Warranty Disclaimers. 


The combined work need only contain one copy of this License, and 
multiple identical Invariant Sections may be replaced with a single 
copy. If there are multiple Invariant Sections with the same name but 
different contents, make the title of each such section unique by 
adding at the end of it, in parentheses, the name of the original 
author or publisher of that section if known, or else a unique number. 
Make the same adjustment to the section titles in the list of 
Invariant Sections in the license notice of the combined work. 


In the combination, you must combine any sections Entitled "History" 
in the various original documents, forming one section Entitled 
"History"; likewise combine any sections Entitled "Acknowledgements", 
and any sections Entitled "Dedications". You must delete all sections 
Entitled "Endorsements". 


6. COLLECTIONS OF DOCUMENTS 


You may make a collection consisting of the Document and other 
documents released under this License, and replace the individual 
copies of this License in the various documents with a single copy 
that is included in the collection, provided that you follow the rules 
of this License for verbatim copying of each of the documents in all 
other respects. 


You may extract a single document from such a collection, and 
distribute it individually under this License, provided you insert a 
copy of this License into the extracted document, and follow this 
License in all other respects regarding verbatim copying of that 
document. 


7. AGGREGATION WITH INDEPENDENT WORKS 


A compilation of the Document or its derivatives with other separate 
and independent documents or works, in or on a volume of a storage or 
distribution medium, is called an "aggregate" if the copyright 
resulting from the compilation is not used to limit the legal rights 
of the compilation's users beyond what the individual works permit. 
When the Document is included in an aggregate, this License does not 
apply to the other works in the aggregate which are not themselves 
derivative works of the Document. 


If the Cover Text requirement of section 3 is applicable to these 
copies of the Document, then if the Document is less than one half of 
the entire aggregate, the Document's Cover Texts may be placed on 
covers that bracket the Document within the aggregate, or the 
electronic equivalent of covers if the Document is in electronic form. 
Otherwise they must appear on printed covers that bracket the whole 
aggregate. 
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8. TRANSLATION 


Translation is considered a kind of modification, so you may 
distribute translations of the Document under the terms of section 4. 
Replacing Invariant Sections with translations requires special 
permission from their copyright holders, but you may include 
translations of some or all Invariant Sections in addition to the 
original versions of these Invariant Sections. You may include a 
translation of this License, and all the license notices in the 
Document, and any Warranty Disclaimers, provided that you also include 
the original English version of this License and the original versions 
of those notices and disclaimers. In case of a disagreement between 
the translation and the original version of this License or a notice 
or disclaimer, the original version will prevail. 


If a section in the Document is Entitled "Acknowledgements", 
"Dedications", or "History", the requirement (section 4) to Preserve 
its Title (section 1) will typically require changing the actual 
title. 


9. TERMINATION 


You may not copy, modify, sublicense, or distribute the Document 
except as expressly provided under this License. Any attempt otherwise 
to copy, modify, sublicense, or distribute it is void, and will 
automatically terminate your rights under this License. 


However, if you cease all violation of this License, then your license 
from a particular copyright holder is reinstated (a) provisionally, 
unless and until the copyright holder explicitly and finally 
terminates your license, and (b) permanently, if the copyright holder 
fails to notify you of the violation by some reasonable means prior to 
60 days after the cessation. 


Moreover, your license from a particular copyright holder is 
reinstated permanently if the copyright holder notifies you of the 
violation by some reasonable means, this is the first time you have 
received notice of violation of this License (for any work) from that 
copyright holder, and you cure the violation prior to 30 days after 
your receipt of the notice. 


Termination of your rights under this section does not terminate the 
licenses of parties who have received copies or rights from you under 
this License. If your rights have been terminated and not permanently 
reinstated, receipt of a copy of some or all of the same material does 
not give you any rights to use it. 


10. FUTURE REVISIONS OF THIS LICENSE 


The Free Software Foundation may publish new, revised versions of the 
GNU Free Documentation License from time to time. Such new versions 
will be similar in spirit to the present version, but may differ in 
detail to address new problems or concerns. See 
http://www.gnu.org/copyleft/. 


Each version of the License is given a distinguishing version number. 
If the Document specifies that a particular numbered version of this 
License "or any later version" applies to it, you have the option of 
following the terms and conditions either of that specified version or 
of any later version that has been published (not as a draft) by the 
Free Software Foundation. If the Document does not specify a version 
number of this License, you may choose any version ever published (not 
as a draft) by the Free Software Foundation. If the Document specifies 
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that a proxy can decide which future versions of this License can be 
used, that proxy's public statement of acceptance of a version 
permanently authorizes you to choose that version for the Document. 


11. RELICENSING 


"Massive Multiauthor Collaboration Site" (or "MMC Site") means any 
World Wide Web server that publishes copyrightable works and also 
provides prominent facilities for anybody to edit those works. A 
public wiki that anybody can edit is an example of such a server. A 
"Massive Multiauthor Collaboration" (or "MMC") contained in the site 
means any set of copyrightable works thus published on the MMC site. 


"CC-BY-SA" means the Creative Commons Attribution-Share Alike 3.0 
license published by Creative Commons Corporation, a not-for-profit 
corporation with a principal place of business in San Francisco, 
California, as well as future copyleft versions of that license 
published by that same organization. 


"Incorporate" means to publish or republish a Document, in whole or in 
part, as part of another Document. 


An MMC is "eligible for relicensing" if it is licensed under this 
License, and if all works that were first published under this License 
somewhere other than this MMC, and subsequently incorporated in whole 
or in part into the MMC, (1) had no cover texts or invariant sections, 
and (2) were thus incorporated prior to November 1, 2008. 


The operator of an MMC Site may republish an MMC contained in the site 
under CC-BY-SA on the same site at any time before August 1, 2009, 
provided the MMC is eligible for relicensing. 
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